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Foreword 


By the end of 1937 only two yoare after it had been published, the 
first edition of Rappeport a ' Mikrochemie des Blutes waa out of 
print, and a second enlarged manuBcnpt was almoet ready for the 
prees. The annexation of Austria bj Nan Germany brought the 
scientific life in Vienna to a atandatiU In those circumstance® it 
appeared unmtoreeting to put a new German edition mto circulation 
even if it had been posable The author was forced to leave Vienna 
and to build up a new working place both for the daily routme and 
research work Rappeport haa olwaya been teeming with brilliant 
ideas, and technical akill and ingenuity are characteristic of him. 
He mastered all obstacles, and in spite of enormous difficulties his 
laboratones became a scientific centre the importance of which has 
been recognised far beyond the Middle East 
There spurred by the exacting tasks that wartime conditions im 
posed upon hrm he devised numerous new methods and amended and 
unprov^ others. The shortage of laboTator> equipment, the im 
poasibihty obtaining many of the chemicals which ontil then bad 
beem thought indispensable, was for him just another impulse to find 
new and often better ways of microbiological or biochemical analysis 
I feel honoured for having been asked by my dear fnend, Dr 
Fnti Rappoport, to wnte a preface to his book. Our research unit 
of the once famous Institute for General and Experimental Pathology 
of the University of Vienna has been scattered tojthe four wmds 
The spiritual umon based on smeere friendship on p omW m work, 
and above aH upon common love of science and hunlanity^ itill holds 
good, steeled and strengthened by unhappy experience. For many 
years we liave been eeparated from one another mid workmg m 
different parts of the ^obe Rappeport, however haa kept us m 
formed of his work. No sooner had he devised a new method than 
be communicated it to us and we made use of it to the benefit of our 
hospitals and laboratones Today we can state that the new Rappa 
port methods have proved their value wherever put to the test 
Many up-to-date books on biochemical and microbiological methods 
ore at hand In spite of this I am convmced that the monograph 
"Rapid Michrochemical Methods for Blood and CBJF FTwmtp s 
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tionfl,*’ IS fupplymg a great want It contains many excellent 
methods which ore hardly to be found elsewhere as they have either 
not yet been pubhahed or are hidden from ^^der pubhcity m journals 
of a very restricted circulation. The new book brings to the fore a 
stimulating accoimt of those now ways of microbiological determina 
tion which lay open an approach to various most important problems 
irhich hitherto could not bo tackled. To quote one example Our 
knowledge of the protem motabotism la admittedly very poor, and 
in many reapeots not sufficiently supported by analytical data. 
That IS to a great extent due to the fact that also the recent methods 
of I?c8t-N determmation ore still much too cumbersome to be used 
for mass analyses m clinics or at the bedside. Rappaport’s micro- 
cstimation of non protein N (without digestion and distillation) has 
rendered the Rest-N dotennmation mto being a reoUy simple and 
reliable bedside test which docs not tax oar tune and aldll more than 
a routme blood-count or a blood sugar detennmation Let us keep 
in mind that important progroes m modicme and biology has mostly 
been preceded by the discoverj of new methods of assessment and 
mvestJgatlon, o g , after Mcrmg and Minkowski had shown that dia 
betes could be established in dogs at will by rtonovmg the pancreas, 
tune and agam the effect of \anou3 pancreatic extracts has been 
tned on test animalg. As long os no suitable micromethod of blood 
sugar determination was available only the general reaction of the 
test animals could be observed and that of course doomed all the 
efforts to failure The convulsions with ensuing death of the animals 
which followed the mjection of potent pancreatic extracts, were mter 
pretod os ongmating m the 'primary kracitj'^’ of the extracts os 
their real cause, hypoglycemia, had at that tune not been established 
for lack of a suitable micromethod It was Baughs pioneer work and 
the contribution of other laboratory workers that paved the way for 
Bantmg and Best In such circumstanceB it would be difficult to 
overestimate the importance of technical improvement for scientific 
discoveries. 

I trust this book will bo widely circulated not only among bio- 
chemists and clmical pathologigts but espeemDy also among medical 
people mterested m research The reluibHity of the methods do- 
scribed m it has been tested assKfuoualy and repeatedly Rappaport 
has made a special pomt of giving a detailed and minutely exact 
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descnptacwi of all technical proceduree. Thus it should be an easy 
task to assure the corrootnces of the detcnnination, even when the 
tests aro not performed by highly trained specialists, I hope this 
book will meet with the success it well deserves and that it will not 
only add to tho efficiency of our labomtonee but help to brmg more 
light m some of the daric comers of our physiological and pathological 
conception Quod ffltx, faustum foritmaiitmqiie nil 

F SrLBBRSTEIN 

Farmer Pnfeteor of Omsnl and Erpermental PalMolon 
of Utt l/n{f*r«it§ of t former Laboraiory Dvtclor 

of Ike 8 Canmnn CkUde UorpUal end Reatarck IneiUuie 
Vienna, and former Labcralory Dirtclar of Pie F Peer 
eon Reteatck Foundaiton al IM Weei ZxwMon Borpilal 
London 




Preface 

This book coQtaiiu nuoroobemical methods for the analyau of blood 
and Bpmal fluid. These methods have been tested and have been 
proven satiafaotory 

Some of the methods represent original work They have been 
worked out m part m my former laboratory, the Institut fflr all 
gememe und expenmentcUe Pathologie in Vienna (Professor F 
SHberstein director now resident m London) and m part in the 
Laboratory of the Beilinson Hospitalof the Kupath Cholim m Petach 
Tiqua 

Drawing on the ezpenence of an earlier book I shall attempt to 
proceed along much the same lines established m that work and td 
accomplish the following objeota 

1 to simplify the laboratory procedures 

2 to decrease the amount of material needed for analysis, 

3 to shorten the woriong tone, 

4 to increase the predson of results 

6 to stabilise the solutions wher ever possible, 

6 to work with simple ^paratns For this reason, ecrpenslve 
eqtupment such as photometerv and photoelectric coloiimeterB 
are only mentioned 

Many methods have been adapted to subtrc^icad climates, others 
have been changed and made lees expensive these chftngPf i arising in 
large part from wTUtime expcnenccs mth scarcity of materials. 

I am happy to express gratitude to my teacher, Professor Sflber 
Btefai, who has guided this work with his advice and council 

My longtime assistant, Mrs Fnedl Eichhom added much to the 
success of the \roik with her diligence and tiroleaa help 

I alsowish to express m> thanks to Dr V T Meier Dr H Heliorand 
to all the phjTacians of the Beilinson Hospital m Petach Tiqua for 
their generous help I am grateful to Dr N Eichhom for the careful 
revision and correlation of the manuscript and to Dr A Fried for the 
sketching and execution of the drawings 

F Rappaport M D 

Pciach Tiqua, Itrcd 
Jtmuary, 1949 
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Chapter I 

Determanation of the General and Phys- 
ical Quahlies of the Blood 

Deteriunation or Specoto Qbavtiti 


Pnnapie of the method A abort 0 15 ml precision pipet which has 
been cahbrated with distilled Wftler 13 used m the procedure. The tip 
and the markings should be ver> narrow bo that absolutely nothing 
of the contentB can flow out or evaporate. In order to keep the 
pipeta m a hontontal position on the balance scale, a wnnll support 
made of alummum wire is used, the weight of which together with 
the weight of the pipet, haa to be determmed with each use (flg 1) 
The pipet a weighed exactly to the fourth d ecim a l point (0 1 mg ), 
then It is filled with serum or blood and agam walghocL 

Deiermnaiion of Speafie Gmetly of Servrn 
The pipet ts dried to constant weight held with a pair of forceps, 
and the sertim is pipetted to the mark through rubber tubmg The 
outside of the pipet is wiped off carefully it is left upon the balance 
scale for 10 mmutee and weighed to the fourth decimal point (0 1 mg ) 

Caleulahon 
Spec, gray 


weight of Ikpijd at t® 


Wi - W, 

weight of an equal volume of ater at t* Wi — W# 
Wi — weight of pipot and senun 
“Wo “ wei^t of the empty pipot 
Wi — wei^t of pipet and water 

This fonnula applies only when the water and the test liquid are 
weighed at the same temperature and under the same oonditions. 

Example 


wejgbt of pipot and irmier at 20 O 
wdfbt of empty pip«t.at 20 O 
dUftrenee 


4 0223 
^8724 
0 1501 


1 
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ifl e<iual to the volume of the pipet m ml at 20®C 

irdght of pipet tsd senim at 20 C 
veight of pipet at 20 O 
vdght of aenmi. 


Bpeo. gray 


01663 

01601 


10414 


4 0277 
8 8724 
0 1663 


In order to save repeated weighing of water at different temperaturcB 
it is sufficient to multiply the volume of the pipet mdicated on the cer 
tificate by the weight of 1 ml of water at the requued temperatare 
(table 1) and divide the weight of the unknown sample by this figure 



Fio 1 Micropipet for the detormiDatioo of the speoifio gravity aceordliif 
to Profl 


Example 

Determination at 25‘*C 
Volume of pipet =■ 0 16 ml 

Weight of 1 mh of water at 36®C = 0 99618 G (table 1) 


spec, gray 


weight of 0 15 mi of serum at 26® C 
0 16 X 0 99618 


If no calibrated pipet is available, the \ olume of a red cotmt pipet or a 
white coxmt pipet may be detennmed The pipet is weighed empty, 
then with water (Smce the wei^t of 1 ml of water at any given 
temperature is known, the volume of the pipet can be calculated as 
follows 


spec, grav 


Q 

V 


V 


G 

epee grav 
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Table 1 — TTe/git ColibnUon TabU 


Tanpmtnf^ (*C) 1 

Wd^t •! loeo bL d nUr mds BcnaU 

1 kbcntorr asditicei (pen) 

15 

997 93 

16 

007 80 

17 

097 66 

18 

097 51 

19 

997 34 

20 

997 IS 

21 

997 00 

22 

996 80 

23 

996 61 

» 

096 SO 

25 

996 18 

24 

905 04 

27 

i 995 70 

28 

005 45 

20 

I 005 19 

80 

1 994 92 

31 

994 64 

32 

994 85 

S3 

1 994 06 

34 

! 90S 75 

36 

993 45 


I Kolthoff and E Saiiddl Textbook of quAntltatfre Inorfamo analyiu 
her York The ilacmlllan Co 1W3 p 627 


£xompZtf 


The amotint of water in the pipet at 24®C Trogha 0^64 G At 
24®C 1 ml of water weighs 0 99539 G The volume of the pipet is 
therefore 


0^2754 
0 99639 


V - 0^4 ml 


The protem content of serum or plaama may be calculated from 
the specific gravity aa foDows** 

(a) plaama g per cent protem m plaama — (^>ec grav of plwwma 
minus 1 0009) X 340 1 

According to the formola of Week quoted Is John Scadder ‘Shock 
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(b) serum g per cent protom m scnim ■■ (spec grav of serum 
mmua 1 0073) X 347 9 

Example 

spec grav of sonim 1 0200 
10200 
j_oq^ 

0 0193 0 0193 X 347 9 — 0 71 g per cent protom m Beruin. 

The determination of serum (or plasma) proteins may also be done 
by the copper sulfate method of Van SlyLe and co-workers (see 
P 0) 

Ddxrmxnaiion of Sptajie Qrwnly of TFAafe Blood and 
PUuma (Nalirt) 

A trace of Liquoid (Roche) is placed on a small watch-glass m order 
to prevent coj^lation, and a drop of blood drawn from the finger tip 
or from the ear lobe is added to this. The hquid is then pipetted 
mto a small pipet os described above 
When a senes of doterminations is to bo made it is recommended 
to dvasoWc 100 cog of Liquoid in 100 mi of distSled water Of this 
solution 0 04 ml aro placed upon a small watchglass. After the 
water has been evaporated m tho meubator, the glasses aro ready to 
be used for reception of the blood- 
The second weighmg (pipet plus blood) should be done very quickly 
CaleulalioTu as described for serum 
Normal density of blood 1050 to 1000 
Normal density of serum 1025 to 1030 

During great loss of water tho density of blood may nse to 1070, 
that of serum to IOvjO 

Deteemination or nm Wateh Content 
Pnnaple of the method A small amount of blood is absorbed on 
filter paper and dried to constant \reight at 100®C The weight loss 
after dTjung represents the water content of the sample- 
Procedure 

A small piece of filter paper (Whatman) is placed m a small weigh 
mg bottle and dried for one hour in the drying oven at lOO^C the 
hd being left open Then the bottle and hd arc placed separately mto 
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a desiccator After cooling the bottle is closed and weired on the 
analytic balance Blood la drawn and absorbed >'ery quickly by the 
filter paper The paper should be held with a pair of forceps and 
care should be taken that the blood 18 distributed evenly The paper 
is placed mmiediatelj mto the weighing bottle, tho lid is replaced, 
and it is weighed Then the lid is removed and together with the 
bottle it is dried for one hour at 100 C , allowed to cool m the deacca 
tor aa descnbed above, and reweighed- After this weighing it is sgam 
left to dry in the oven for one hour and again weighed after proper 
cooling. This procedure is repeated until the weight is constant. 


Cdlailation 


The ww^t of the sample used can be calculated from the weight of 
the wei^mg bottle plus filter paper before absorption of the blood and 
after alttorption of the blood on the paper The water content equals 
the weig^it of the bottle with wet poper minus weight of botUe with 
paper after drymg From these three data the water content and the 
dry residue of the blood con bo determined and oxprassod In per cent 
Water content of sample equals X minus Y X t^ing the weight of 
blood before drying and Y the weight of blood after drying 


Water content m per cent 
Dr> residue in per cent 


100 X CX - Y) 
X 

Y X 100 
X 


Example 


vdefat of wdcfalof botU« 4- paper 5 0235 c 

wntht of woiftilnf bottle + paper + bJood (net) 6 1037 g 

wdfbt of blood 0 1803 g 

mettht of bottlo + paper + blood after drying 5 0417 g 

mdgbt of bottle + paper 5 g 

dry reddue 0 0182 g 


water content of sample expressed In per cent 
(01802 - 00182) X 100 


0 1802 


89dK) per cent 
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dry residue m per cent 

0 0182 X 100 
0 1802 


1010 per cent 


Normal water content of serum 92 per cent 
Normal water content of whole blood 80 per cent 



Fia 2 Coppw sulfate bottle with eye dropper for the determination of 
specifio jravity 

Detbeiunation of the Specipio Gravtit of Whole Blood 
AND Sebum with the Copper Sulf\.te Method’ 
PnnetpU of the method A drop of blood or scrum of a certam specific 
gravity which is allowed to fall t.hmiigh a copper sulfate solution from 
a capillary pipet will either rise float, or fall to the bottom according 
to the specific gravity of the copper sulfate solution The specific 
gra\Tty of the copper sulfate solution which just keeps the sample 
afloat, corre^xmda to the specific gra\uty of the blood or serum 
Apparaltis Twenty bottles (100 ml ) with screw top for the deter 
rmn atkm of the Specific gra\uty of serum and 40 bottles (100 ml ) 
with screw top for the detennmation of the specific gravity of whole 
blood Eyed^per (fig 2) 
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Solxdumt 

The coppCT sulfate solutiooB of the Minous specifio gravitiee are pre- 
pared from a stock solution of the specifio gravity 1 100 according to 
table 2a 

The stock Bolution b best prepared according to K. SteiniU,* 
Approximately 165 g CuS 04 are dissolved m water m a ono-liter 
\*olametnc flask and the fljisk is made up to the mark with distilled 
water Care must be taken that the salt la analytical reagent” 
and that it gives a dear solution m water Five mk of this solution 
should use up 31 06 mk of N/IO neutral thiosulfate solution If 
more thiosulfate is required the copper sulfate solution has to be 
diluted accordm^y If lees thioeulfate is used more copper sulfate 
has to be added The titration must be done as follows to 5 ml of 
the copper sulfate solution is added i to 2 g potassium iodide. The 
flank IS then covered with a watch glass, and is titrated after otie 
mmute with thioeulfate to a famt yellow Then starch solution is 
added and the titration is continued until the solution Is colorless. 
(A famt pmk color will remain) From this stock solution the bottles 
are filled and each one is carefoUy labeled Since each bottle can 
only be used for 100 drops it la adnsable to mark the bottles each 
lime after use. It is further recommended that they be mounted 
upon a round rotating stand to facilitate the work. 

P roc e dure 

A wmnll amount of whole blood or serum is taken up with an eye- 
dropper fldiich 18 equipped with a rubber bulb and one drop b al 
lowed to fell through the liquid from a height of 1 cm It is best to 
start withm the normal range, which is around 1 025 for scrum and 
about 1 0o2 for whole blood The next solution b selected accordmg 
to the behavior of the drop l.e , if the drop falls throug^i the copper 
sulfate solution a bottle eontainmg a solution of heigher specific 
gm\nt} 10 next used If the drop rises a bottle containing a solution 
of lower specific graiinty b chosen until the correct solution is found 
which will keep the drop of whole blood or serum afloat over a penod 
of a fei\ seconds. The surface of the drop will coagulate when in 

pCTKrtul commonlntloo from Dr K Stdnltx Director of Labontorj 
Ilaift Haebjub HosplUl 
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Tabui 2a — ill of tioch copper tulfatc tolulwn of ffrnrUg 1 100 to be dUuied le 
too ml to pre p are ttandard solution of {rrwrUg 0 to 
mtktn OJOOOl 


0 

loot 

0 1 no 

1 003 

7 33 


00 

8 33 

30 38 

10 

0 31 

40 39 

11 

10 30 

41 40 

13 

n 20 

42 41 

13 

12 23 

43 42 

14 

IS 27 

44 43 

15 

14 26 

45 44 

16 

15 25 

47 46 

17 

16 21 

4S 47 

18 

17 23 

<0 <8 

10 

IS 23 

SO ■<« 

20 

10 21 

ti so 




21 

30 20 

63 63 

23 

21 10 

61 63 

23 

22 17 

65 6t 

24 

23 15 

60 66 

25 

21 14 

67 « 

20 

25 13 

60 68 

27 

26 10 

60 60 

2S 

27 03 

01 00 

30 

23 06 


SO 

20 01 

63 « 



Ol 63 

31 

30 0 

66 04 

33 

SI 0 

60 05 

33 

32 0 

67 66 

34 

S3 0 

63 07 

35 

34 0 


38 

35 0 

70 69 1 

37 

38 0 

71 ™ 2 

72 7' » 

73 722 

71 73 3 

76 71 3 


• 0 apocific i;ra\ity ol itandard »olutlon 
I 100 * mi of 1 100 ■took. aoIutioD diluted to 100 ml 
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Table 2b 


Bp Or 

On. p»T cest 

1 017 

4 00 

17 5 

4 18 

18 

4 38 

18 5 

1 4 55 

10 

1 4 73 

19 6 

4 01 

20 

6 09 

20 6 

5 27 

21 

5 40 

21 5 

5 84 

22 

5 83 

22 5 

6 00 

23 

e 18 

23 6 

6 37 

24 

0 65 

24 5 

6 73 

25 

6 01 

25 5 

7 09 

1 2« 

7 23 

2B 5 

7 46 

27 

7 64 

27 5 

7 82 

2S 

8 OO 

23 6 

8 10 

29 

8 37 

20 6 

8 65 

» 

8 73 

SO 6 

8 01 

31 

9 10 

31 6 

9 28 

S2 

0 40 


Mntnct mth the copper sulfate soIuUod and therefore will appear 

rloiidy 

Caleulalion 

The calculation of the total proteins from the 8peci6c gravity la made 
according to the formula of II llochondj Marrack’ 

Protein — 304 X (spedhe gmMty min us 1 000) 

The ^*alucs obtamed bj this formula agree mdl with those obtained 
by the Kjddahl method 
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If this method is used for the detcrmnmtion of serum protema, rt la 
advisable to mark on the label not onij the specifio gravity of the 
sdution, but also the corrcspondmg protem content (table 26) 

For the purposes of the Blood Donor Service and for general health 
service, a single solution, of a specific gravitj of 1 0o2, corresponding 
to 12J g of hemogiobm permits the acceptance or rejection of a 
donor without obtaining the exact amount of hemogiobm m that 
donor s blood. In other words, if a drop of donor s blood sinks m 
the solution the donor is acceptable, if the drop rises or remains sus- 
pended the mdmdual’s hemoglobin IS less than acceptable standard, 
that 18 leas than 12.3 Gm.* 

DETEHilDvATION OF THE SeMMENTATIOV RaTE OF THE Red 

Blood Celm* 

Pnnajiie oj the Method Accordmg to Reichel, the sedimentation 
rate la mdependent of the height of the blood column if the depth of 
the sedimentation does not exceed one third of the entire colnmn 
It IS also mdependent of the \ olume of the tube provided the d i a m eter 
of the latter is not smaller th»n l 4 mm. With a narrower tube the 
capillary action would mterfere perceptibly with the determination 
sedimentation rate also depends on the ertemal temperature, 
being accelerated bj heat and retarded b> cold.* ^ In order to 
exclude this source of error — which m tropical countries shows its 
effect especially in the summer, while m temjjerate sones It is more 
conspicuous m the winter — the following apparatus was constructed 

Apparatus 

A wide-necked thermos flask (fig 3o) fitted with an inner rack to 
hold the sedimentation pipeta The stand is built to hold six sedimen 
tabon pipets, sprmgs krapmg it at a given height At the bottom 
of the stand six small test tubes with side apertures (2-3 mm above 
the lower end) are fixed by means of gniflll spnnga. The sedunenta 
tion pipets are placed into these tubes when a determination is earned 
out. 

Glass tubes (fig 36) with a diameter of 1 45-1 6 mm. approxi 
matelj 21 cm long the lower part without graduation and out flat 
'Ihe ungraduated part corresponds to one-fourth the graduated part 
i.e , from 30-40 mm. Ihe upper graduated section is divided into 
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centimeters, showing miTlimeter graduAtion as well Tto length of 
the graduated part is from 120-160 mm Over the top a soft and 
transparent tubing of para rubber is fitted containing a movable giajw 
bead 



Fia ApparatOi for tb« dotarmP 
aabOD of the todimentatloD rate 
Fia Sb SedimeDtatloD rate tube 


1 

RfOiftnls 

(1) 3^ per cent neutral sodium citrate solution (tribamc) 

(2) gljxenn to moisten the tubmg 

Procedure 

The pipots should be rinsed with distilled water and dned with 
warm air only (no acetone or oleohol should bo used) Boforo blood 
B drawn from the finger tip the entire pipet should bo rinsed with 
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citrate solution Then the citrate should be sucked up to the un 
graduated part This citrate is blomi out into a small test tube. 
The blood is then allowed to flow (by capillary action) into the pipet— 
which should he m a position as horuontsl as possible — up to the 
mark 0 Then the blood is allowed to flow mto the citrate tost tube, 
and mixed well, care bemg token to avoid formation of bubbles. 
The sedimentation toet niay be set up immediately, or, at the latest, 
m the course of the next flvo hours If the sedimentation is set up 
immediately, the pipet may be used agom without being cleaned be- 
forehand otherwise it may be used only after thorough cleaning dry 
mg and renewed moistening with citrate solution 
For Betting up the reaction, the tube is moistened with a sm a l l drop 
of glycerm at its lower end Almost the entire length of rubber 
tubmg (about 4 cm.) la slipped over the pipet The glass bead pressed 
aade, the blood citrate mixture should be sucked up to mark 1 By 
drawrag the rubber tubing upward the blood column is rawd up to 
mark 0 (If necessary, correct by shifting the bead inside the tubing) 

Now the pipet is inserted mto the stand which is put into the thermos 
flask, prcvioualj filled with water at 20^0 Readings are taken after 
thirty, sixty, and 120 mmutes at a slow sedimentation and after 
thirty and sixty mmutes only, if the sedimentation is fast 

The sedimentation rate is mcreased m nil infectious and degenera 
tivo processes, it is decreased m polycythemia 
Normal values males 2-6 mm after 1 hour, females 3-6 mm after 
1 hour 

Evaluation of the 1 hour reading according to Krause <fe Wlchmann* 

Ualct rmtw 

Lem than 2 mm reCordod L>6t9 than 3 nim^ 

2- 6 mm normal 8— 8 djdi dar 

e-lOmm border line P-12 mm menitnul 

11-20 mm, elight ocederotlon 15-23 mm period 

21-30 mm moderate aecdemtlon 28-35 mm pregnajicy) 

81-60 ram. itron( aoeoloratloo 88-60 mm. 

More than 00 mm. rery ttrofi( aeoderatloo more than 60 mm. 

(See under beading Hematocrit for ' sedimentation" p 21, sedi- 
mentation rate dependent upon red cell volume) 

0ETERUDJATION OT TUB COAOUL^-TION BaXD AcCORDETO 
TO WELTaiAjrN**^ 

PriTiaple of the Method Serum which has been diluted 60 times loses 
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addition of TnmimwJ amounta of an electrolyte (0 1 per cent to 0 01 
per cent of a CaCli solution) Hie amount of electolyte necessary is 
called the electrolytic threshold* The electrolytic threshold differs 
in vanous diseaBes. (1) Onginal method aocordmg to Weltmann 


RmffcniM 

A stock solution of exactly 5 per cent CaClj (i e , approximately 
10 per cent CaClj X OHjO) is required* Smeo CaCl} is highly hygro- 
scopic, the saltmust bedned madesiccator before itiSTroighed The 
solution IB made up by disaolving 99 14 Q CaCli cryst reagent in 
1000 ml of sterile redwtilled water This solution will keep mdefi 
nitely 

Calcmm chlonde will contam water even after drying in the deoo- 
cator Therefore, the following procedure for nydnng up the stock 
solution ns recommcDded Startmg with commercial CnC3j which need 
not be dry a concentrated sotation is made up the chlonno content 
of which is dotennmed with AgNOj (see titmtion of chlorides, p 08) 
One znL of a Weltmann stock solntion should c or res p cind to 9 05 ml 
of N/10 AgNOi solution* If more AgNOj is required, the solution 
must be diluted according to the equation If le» AgNOa is uned 
up more CeQi must be added and the Ulration repeated. 

Ejajnplc One ml of CoCb solution prepared aa desenbod above 
requires 11.2 ml of N/10 AgNOa The solution is too concentrated 
and must be diluted according to the following formula 


^ _X_ 

11.2 “ 1000 


90500 

112 


Accordingly, 808 ml, of GaCSi sotutloii must be made up to 1000 ml* 
with distilled water 

A senes of CaQa dilutions is prepared (0 1 per ccnt-0 01 per cent) 
by pipetting mto 100 ml volumetric flasks 0 1, 02, 02 025, 0 4, 
02 0 0, 0 7 02 0 9, 1 0 ml of the stock solution and fillmg to the 
mark with redistilled water Ihese dfluUcms are kept m eleven glasB 
stoppered bottles which should be numbered I- VII Vllb-X, begin 
ning with tbo highest concentration. 

Calcium chlonde may bo replaced by caldum lactate or calcmm 
gluconate both of which have the advantage of being obtainable as 
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dry powder so that the weighing of on exact amotmt is not difficult 
1^9G of calcium lactate or 2 019 G of calcium gluconate per 100 mL 
solution corresponds to a 1 to 10 dilution of the Weltmann stock 
solution The Weltmann solutions I to X ore prepared by measurmg 
rato each 100 ml volumetric flask amounts from 10 ml to 1 mL re- 
spectively of the stock solution dnd filling to the mark with redis- 
tilled water 

Calcium lactate and calcium gluconate readily deteriorate os t 
result of the action of molds and must therefore bo stabilixed by adding 
stnpa of filter paper, containing mercuric iodide, which ore prepared 
m the following manner Powdered Hgli la mixed with liquefied 
paraffin and tMs mixture la poured over filter paper The Hgl* a 
fixed on the filter paper and serves as an excellent bactenoade (see 
also detorminatioQ of blood sugar) 

The test IB performed by pipetting 6 ml of each cooccntratian, 
startmg rdth concentration X mto a clean dry test tube Then 0 1 
ml of cell free, nonheraolyied serum is added to each tube The 
tubes are shaken well and placed m a boiling water bath for fifteen 
minutes. After that time th^r are read Iho reacticm is called 
poeative up to and mcludmg the tube m which a definite preopiUte 
can stiH bo seen A milky appearance alone is negative 

The reaction may also bo earned out b> making up a 0 1 per cent 
CaClj solution from the solution by dDutlng it 100 times and setting 
up the following senes of tubes 

I n ni IV V VI VII vub vin ix x_ 

CaQ, 6046 40 S6 80 36 30 1 76 16 10 05 

n,0 0006 10 16 30 26 30 826 36 40 45 

(ml) 

result 01 0 09 0 08 007 006 005 0 Oi 0 035 0 03 0 03 0 01 
oone 

In order to facilitate pipottmg it is recommended that the tubes be 
placed m the rack according to the following pattern so that the indi- 
cated amount of (DaClj solution may be pipetted onto two opposite 
tubes. They arc then filled with water to 6 ml 

If the exact end pomt is to bo determmod, it is recommended that a 
tube marked Vllb bo inserted between tube VII and tube VIU 
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that to this tube bo filled with 1 76 ml of CoClj solution and 3^ ml 
of water 

n III IV V 

(4 a) (4 0 ) a S) (3 0 ) 

I 06 10 16 30 

(5 0) 

0 0 (0 6) (1 0) a S) O 0) 

46 40 36 30 

X IX vm vu 

The rest of the procedure (adding the serum heating and reading) 
is performed aa desenbod above 

i/tcrojnc<A«J“ 

Rea^eni* 

CaClj cryvL reagent is dried In a vacuum desiccator and 100 91 G are 
dissolved m water in a 1000 mL \oluDMtnc flask. From this stock 
solution the working solution is prepared by diluting 1 0 ml with 
water to 100 ml in a volumetno flask. The working solution may 
also be prepared from the stock eolation described m (I) by diluting 
1 08 ml to 100 ml nith distilled water 

Procedure 

IScven Waaeennann tubes are placed in a metal rack (05 mm. long, 
10 mm. diameter) The tubes are filled with CaClj solution mid with 
redistilled water according to the following nrhflmp 



I 

n 

III 

rv 

v 

VI 

vn 

VI Ib 

vm 

IX 

X 

CaCl, 

(ml) 

1 0 

0 0 

0 8 

0 7 

0 6 

0 6 

0 4 

0 36 

0 8 

0 3 

0 1 

11,0 
(ml ) 

0 0 

0 1 

0 3 

0 8 

0 4 

0 6 

0 e 

0 66 

0 7 

0 8 

0 9 


In order to facilitate pipetting the following sfiliemn may be used 
(for explanation see macro method) 

II m IV V 

(0 0) (0 8) (0 7) (0 6) 

I 01 03 08 04 VI 

(I 0) (0 6) 

0 0 (0 1) (0 3) (0 8) (0 4) 0 6 

00 08 07 06 

X IX vin vn 


(c*a,) 


VI 

C2 6) (0 1 p«r ooDt Cadi 

3 6 viterj 
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In making up these dilutions it is advantageous to use aerokigK 
pipeU whose tips have been sli^tly bent (fig 4) With these pipeU 



Fio 4 Improred serologio pipei pennitUng truiftfer of snuU amount* 
liquid without loss 


d 


small amounts of hquid may be measured out with great accuracy 

Very httle adherence of the bquid to the glass wall will occur 

Three tenths of a miUihter of the serum to be tested is dilu 
with 1 1 ml of redistilled >vater and 0 1 ml of this serum dilution 
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pipetted with the above deecnbed pipet into each tube After a 
fifteen mmute immersion m a boihng waterbath they are read 
In the micromethod the stronger calcnim chlonde solution is used 
to balance the weakening of the electrolyte which occurs m diluting 
serum, the finrJ concentrations m both methods must be identical 
In the macro determination one part of serum corresponds to 60 parts 

of the electrolyte solution (total volume 6 1 ml hence, ^ 1 02 ) 

According to the formula 

1112 99 14 

IT “ “5r 




9914 X U 
102 


106.91 


To make up the stock solution IOC 91 Q of (nystalliied CaCHj must 
be dissolved m 1 Uter of redistilled water In this stock solution 1 ml 
corresponds to exactly 9 76 ml of N/10 AgNO» solubon If the 
macro stock solution is to be used the following calculation shows that 
1 OS ml of this solutlcai must be made up to 100 ml with water 


102 m 

1 10 " X 


X - ^ - 1 078 Le-, 1 08 


As mentioned above m the macro-method, 0 1 ml of serum reacts 
with 6 ml of the dectrolyte solution this proportion must be main 
tamed when using the micro method. 

According to the formula 

M 22 

1 1 " X 


\ - 00216 


In the micro-method 0 0216 ml of serum react For accurate meas- 
urement of these small amounts, 03 ml of scrum is diluted with 1 ] 
ml of water, according to the following formula 


0 0215 X 14 - 03 
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MtcroTnethod with Macrorcagfnt 
RtofientB see ongiiml method (solution I) 

Procedure 

Two hundredths of a miUilitcr of scrum Is dcli\cred on the bottom 
of ole\ cn small tubes* This Is dono \nth on 0.2 ml pipet bent at iti 
end and graduated m 1/1000 parts of ml Then a solution of 0.1 
per cent caJaum cblonde and water ore added according to the fol 
loning scheme 


^ r 1 II ni lY V VI VII vnb V III IX X 

CaCTi 10 0 0 0 8 0 7 0 6 0 5 0 4 0 85 0 3 0 2 01 

(ml ) 


redltUlled water 
(ml ) 

0 0 0 1 

0 2 0 3 

04 OS 06 065 07 

0 8 0' 

To facflitate tho work, the 

following pattern may be used 



n 

in 

IV 

V 



(0 9) 

(0 8) 

(0 7) 

(0 6) 



0 1 

0 2 

0 3 

0 4 


I 




VI 


(1 0) 




(0 6) 

(Caa,) 

0 0 




0 5 

IhO 


(0 1) 

(0 2) 

(0 3) 

(0 4) 



0 0 

0 8 

0 7 

0 6 



X 

IX 

VUI 

VU 



For routme detenmnations or m cases where >’cry little serum is 
a\Tulable it suffices to fill only six tubes, filling one with the concentra 
tion Nr V After fifteen mmutes boiling the reaction may be read. 
If flocculation occurs in this tube the sene® is continued to the ngbt 
according to the above scheme If the tube remainfl clear, the senes 
18 continued to the left 

The normal values for the coagulation band fall between tubes VI 
and VII A coagulation over VII must be considered prolonged, 
(shift to the nght) and one less thnn VI shortijned (shift to the left) 

A prolonged bond can be found m all fibroid procoesoe, mamly m 
cirrhosis of the hver and in all hemolytic processes Shortening of 
the band occurs m exudative and mflammatory processes, m cases of 
kidney damage, m necrotic proecssa, mdependent of the cause of the 
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necrostt (carcmomn liTophoRnmuloma, tissue dcgcneratlcm, vascular 
obstruction, coronary jnfarct) 

T\K.KT\ j\JtK REL^CTIOV 

A colloidal suspension of morcuno chloride m alkaline medium 
(NajCOj) remains unchanged In the presence of normal scrum pro- 
teins. In certain pathologic conditions changes occur which lead to 
flocculation of scrum proteins In a number of dilutions. 

Onffinal mdhoda 

(A) ^/oerometAod 
Rea gen ta 

(1) 10 per ccsit sodium carbonate solution, (dissolve 10 Q of 
nnhj’dr NojCOj in 100 ml of miter) 

(2) 0.2o per cent sublimate solution 

(3) 0 0 per cent sodium chlondo solution 

Reagents (1) and (2) ore not stable they mil keep ra the icebox for 
two to four n-ccks. It is important to use only the purest grade of 
NotCOj, c.g , the product by May & Baker 
Pneedurt 

A series of eight regular test tubes is filled with 1 ml of NaCl 
Bolutiem (3) beginning with the second tuba Into each of the first 
two tubes Is placed 1 ml of serum A dilution series is now made by 
transferring after mixing wcH, I ml from the second tube into the 
third and from there into the fourth tube, etc The last milliliter 
from tube 8 Is discarded To each tube is now added 0.2 j mi of 
caibonate solution (1) and 0.3 ml of the Bubhmato solution (2) 
After tn-enty four hours at room tcraporaturo the tubes ore read 
The reaction is positi\"o when at least two or three tubes show 
flocculation, regardless of tbo dilution 

(B) ilteromethod. The reaction may also bo performed as follows 
Reageuta 

(1) 1 1 Q NoCl and 2.5 O nnhyd NaiCX)j are dissolved In 
water and made up to 103 ml 

(2) 0 125G HgCljisdiwolvodlnwatorondmadouptolODml 
Procedure 

Eight regular test tubes are filled mth 0.25 ml of reagent (1) and serial 
dflutiooB ore made by adding 0.25 ml of serum to tbo first tube miring 
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well and transferring 0^ ml of the mixture mto the second tube, etc. 
Then each tube receires 0 16 ml of reagent (2) Further treatment 
and readmg is performed as descnbed for the maerv method 

The use of the serologic pipet according to Rappaport (fig 4) n 
recommended This pipet mth a bent tip permits transferring of 
\ery small amounts of liquid \nthout loss 

This reaction is positu'e m compensated cirrhoses of the hver, in 
serious catarrhal icterus, occasionall> also m certain bone and kidney 
diseases 

TaXaia ^ra reaction (one qIoms method) for spinal 

Into a small narrow test tube I ml of spinal fluid is placed and to 
this IS added one drop (0 05 ml ) of a 10 per cent solution of sodium 
carbonate and 0.3 ml of a freshly prepared mixture of equal parts of 
OJJ per cent eublimate solution and 0 02 per cent Fucham solution 
Then the tubes are shaken ingorously In specific luetic meningitis a 
blue-violet precipitate is formed below a colorless supernatant In 
nonluetic menmgitis a spontaneous pmk coloring appears without a 
precipitate The possible readings may be summanied as foliows 
Normal blue-nolet no flocculation 

Pathologic (1) late luetic type* blue-Molet flocculation, dear 
supernatant 

(2) meningitis type pmk color no flocculation 
In late luetic processes a quantitative reeding can be done by read 
mg after fifteen mmutes thirty mmutea, and twenty-four hours. 

+ + 4-+ after 15-30 mmutes clear supernatant, flo^latwn 
below 

+ + + after 24 hours blue-violet precipitate with clear super 
natant 

-h 4- after 24 hours clear supernatant only half sue 

4" after 24 hours clear supernatant layer only 1-2 mm 
wide 

Stfrotogie nucrot«flts Ke An Improvement of the seroJotical K*lm reoetlon 

In the BpioAl fluid P Rnppcport and D Rappaport J Lob ond Clin iW 
28 Nov II 1143 Rapid test for the aerodiagnocB of fyphilii F Rappopo^ 
and F Elchbom Lancet April 3 1043 p 426 Lancet Not 4 1944 p ®9 
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Heuatocrit’* 

TTie relationaiup of red cell volume to tlie total volurne of whole 
blood IS disturbed m various dtseOHes ITie hematocnt indicates the 
percentage of packed red blood colls m whole blood 

Rea^jfnU 
laquoid (Roche) 

AppanUxiB U*fihap6d capQlary ^ass tube. 

PrcparaUon This tube can easily be made from a capillary of con 
slant djameter Melting point tubes or damaged 0 1 ml pipets are 
suitable. With the aid of paper graduated m millimeters a mark is 
made on the glass at the 100 mm pomt Then the tube la carefully 
heated m the center over a small flame As soon as the glass begins 
to melt it 18 bent to form a U with two unequal sidee (6 mm difference), 
the shorter ode bearing the mark (fig 6) 

Fncedun 

Rubber tubing is attached to the short aim of the U On a wrnall 
watch glass contalmng a spot of Liquold powder to prevent clotting 
a few drops of blood from the finger or the ear lobe are mixed quickly 
The blood IS sucked up through the long side of the U with the aid of 
the rubber tubmg until ih exactly reaches the mark. Then the 
column of blood measuring 100 mm is sucked up further until equal 
heights are readied m both arms of the U The tube is centrifuged 
for fifteen mmutes at high speed After centrifuging it is placed on 
mniuneter paper and the height of the plasma columns are read 

Caiculalwn 

100 — o — 6 — hematocrit value 
a and b represent the heights of the plasma columns 
In a different method a stroi^t tube is used instead of the U shaped 
tube, one end of which is sealed off with is'ax before centnfugmg In 
order to obtam exact values with this method a mark affixed at 80 
and 100 rnm is recommendod. 

Procedure 

After raixmg with Liquold the blood is sucked up to the mark 
Then the column is sucked a little higher and the tube is sealed off 
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with wax. After centnfugmE for fifteen nunutca at high Bpeed, the 
erythrocyte column is measured 



a b 

Fio 6 Heuatochit Tctbe* 


CoZcuZo/ien 

Erythrocyte column hei^t (100 mm mark) * hematocrit value. 

Erythrocyte column height (80 mm mark) X -f -* bematoent 
vahio 

An increased hematocrit \aluo ran be found m all diseases where 
dehydration has taken place, i o , bums, shock, dysentery, cholera, 
polycythemia 

A low hematocrit is found in all kinds of flnnmm, after hypertonic 
NaCl infusions, m hemorrhage and in sepsis. 

CorretJton oj the Sedtmmtatxan Raie for Anemia^ “ 

The complex factors, both physicsl and chemical, which govern the 
rate of se dim cntatioti of the red cells have not yot been clearly defined. 
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Nevertheless the Bedunentation test has a practical value because ex 
porience has shown that persons who ha\^ an increased sedimentation 
rate cannot be regarded os normal and that they are usually suffer 
mg from some organic disease vrtuch causes tissue doetniction and 
toxemia. The disease is commonly an infection, a malignant growth, 
or eitensivo simple ulceration The sedimentation rate Is not in 
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creased m imcompUcated functional disorders such as permcious 
anemia (Britton 1930) but when to such a functiotial diMrdcr aro 
added other factors — e.g , sepsis, neoplasma or tuberculosis — then the 
sednncntation rote bocotnes Increased- 
An anemic blood sediments rapidly by reason of the Anprrun itself 
Hence the observed sedimentation rate is not the true sedimentation 
rate It is desirable therefore, to apply a proper corrocUoa to differ 
entiote anemias with a functional basis from those secondary to 
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organic disease Furthermore the progreae of any disease process 
could be more accurately followed by serial sedimentation rates if it 
were possible to distmgulsh between the effects due to vanations m 
the aotmtj of the primary disease and those due to the associated 
secondary anemia. 

With the aid of the cell volume (hematocrit) it is possible to find 
the corrected values for the sedimentation rate, usmg the chart (fig. 
0) ” 

Determination op the Fragility op Red Blood Celu 
Pnncxxilt of the method A series of test tubes are filled with sodium 
chloride solutions of vonous concontrationfl (0 7 per cent-0.3 per 
cent) and measured amounts of freshly drawn blood are mtroduced 
in the tubes After standing for two hours, the concentrations which 
lead to beginning or complete hemolysis arc observed 
ReoQente 

1 per cent NaCl solution accurately weighed out To 10 gm of 
Nadi IS added 1000 ml of redistilled water 
Proeedia-e 

The following piattem is used in fiUmg twentj-one test tubes (diam 
eter 10 mm height 90 mm ) mth 1 per cent NaCl solution and m s li n g 
up to I ml aith distilled water 

(0 62) (0 M) (D 66) (0 68) (0 eo) (0 62) (0 W) (0 68) (0 6S) (0 70) 

(0 60) 

0 48 0 46 0 44 0 42 0 40 0 38 0 36 OW 032 080 

0 60 

(0 48) (0 46) (0 44) (0 42) (0 40) (0 38) (0 36) CO 54) (0 32) (0 30) 

0 62 0 64 0 66 0 68 0 60 0 62 0 64 0 66 0 68 0 70 

(I per cent NaCl) diiUUwi w»ter 

In order to facilitate pipetting it is advantageous to set up the 
tubes accordmg to the above iDustratod pattern and to pipct the mcli 
dated amounts of NaCl solution out of a one ml plpet into two oppo- 
site tubes Presently the water is added m the reverse order to bring 
the \olumo to 1 ml The amounts of NaCl used correspond to the 
NaCl concentrations m each tube 
With a capillary pipot about 0 026 ml of blood is transferred di 
rectlj from the finger mto the test tubes. The tubes ore shaken im 
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mediately to avoid clottmg Several pipeta ahoiild be kept for use, 
TTie tubes are shaken and allowed to stand for two hours then thej 
are centrifuged, TTie b eginning of hemolysifl (mmimum resistance) 
ifl recogmted bv the first faint redness of the supernatant fluid com 
plete hemol>TQS (maximal resistance) manifests itself by the absence 
of red cells on the bottom of the tubes. 

The reading is facflitated bj placmg the tubes over a mirror (pref 
erably the con\*ex mirror of a microscope ) The presence of un 
damaged erythrocytes is then easily visible When an angle centn 
fnge is used the undamaged erythrocytes are seen as a red pomt on 
the wall of the centrifuge tube 

Ilie hemoly'His of normal blood starts between 0 *12 and 0 44 per 
cent NaCl concentration (minimal resistance) It ends between 
0.30 and 0.32 per cent NaCl concentration (ma.ximal resistance) 

K decreased minimal resistance a found in hyperchromic anemia, 
m erythroblastic anemia and m polycythemia A decreased maxi 
mal reststance is found m hemolytic jaundice as well as m aplastic 
anemia. An mcrensed maximal reststance is found in hyperchromie 
anemia and after splenectomy In the latter case hemolysis may be 
entirely absent 
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Chapter II 

Blood Gas Analysis according to D D 
van Slyke (Volumetric and Manometnc) 

Prtnctple of the method * Tho blood gases are bberotcd m an evacuated 
chamber In this chamber carbon dio^do, oxygen, nitrogen, and 
carbon monoxido (when present) ore hberatod together and then 
determmed Bcporatcly by absorption with specific rcagenta. The 
measurement of the gases is done cither volumotncally or mano- 
metncally 

VoLUUETRIO DETEtOUVATION OF C.UIDON DIOXIDE IN Fla SNA 
(Alkaju Reserve) 

Apparalug The apparatus (6g 7) coamsts mainly of a 60 mi c h a mb er 
with a 2-way stopcock scaled on to both ends. The upper part of the 
chamber (pipet) a calibrated for 1 ml In divisions of 0 01 or 0 02 ml 
The adjoining wider part of tho pipot camos marks ot 1.26 ml , liO 
ml 2 0 mk and 2J5 mL Tho 60 ml mark is placed at tho bottom 
end of tho pipot 

The upper stopcock connects the chamber with a capillary outlet 
and with s graduated funnel or cup used for filling The lower stop- 
cock forms tho connection with tho two sidrHinns of a U-shaped tube 
(reservoir}, the arms being of different width Tho wider arm holds 
the liquid after the hboration of the carbon dioxide, the narrower 
allows the passage of mercury after release of the vacuum at the end 
of each analyns The bottom of tho U lube is connected %n h heavy 
rubber tubing to a leveling bulb which is equipped with a leveling 
tube at tho aide for eaaiar reading The entire apparatus must be 
made of strong glass and should be attached to a heavy iron stand 
with a clamp lined with rubber tubmg The levelmg bulb is held in 
place by two hooks, one of >viiich is attached at the height of the firs* 
2-way stopcock (position 1) and the other ot the height of the second 
stopcock (position 2) Before each analysis tho chamber is washed 
2 or 3 times with water acidified with sulfuno or lactic acid Some- 
times the entire apparatus must bo cloanod. To this effect it i3 left 
20 
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over ni^t in cleaning solution (sulfunc acld-dichromato solution) 
Care must be tainn t^t the acid does not reach the rubber tubing 





rwiTio* I 

Pia 7 Votometrio blood s&b ^paraUa aecordloc to tu Qyks 

After that the nppamtuB is washed with water When not m use 
the chamber and funnel should remain filled with water 
Heavy walled vacuum tubing should bo used ITils tubmg is 
boiled in \Tisolino m vacuum in order to prevent contamination by 
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Hg sulfide formation As a stopcock grease the following mrrture a 
recommended 

Vaseline-rubber lubncant * One port of pure, nonvulcaniied, raw 
rubber gum is cut mto small pieces and dissolved m 4 parts of vasehne 
and 1 part of paraffin The mature is heated m an oven at 1 10“C for 
about two days until the rubber becomes a uniform mass. Subse- 
quently the mixture is heated with a micro-burner for a half-hour at 
IfiOMfiO^C and atnuned through cotton gau*o TTua lubncant n 
apphed to the core of the stopcock after it has been covered with a 
thffi layer of vaselmo At low room temperature more pure vas^o 
and less voeeline-nibbor lubncant is used 
TTie stopcock must be 8crupulouBl> cleaned before it is lubncated. 
In order to keep the boro of the stopcock groase-free, a mtnlnifll 
amount of it has to be applied m a rmg about each end of the stopcock 
and the core of the cock turned in its casmg A well lubncated cock 
should appear tran^iarcnt and turn with perfect ease 
Another good groasmg agent is prepared by melting together 2 
parts of lanoline end 1 part of white wax 
Before each determination the stopcocks must be teetod for vacuum. 
An ordmaiy glass cock will not hold a vacuum unleas the boro of the 
cock IS fill^ with mercury In usmg the vacuum apparatus, both 
the volumetno and the manometne one, the curved capillary outlet 
at the left of the cock of tho chamber is kept contmually filled with 
mercury, likewise the bore leading through the cock to this capillary 
The other bore leading to the cup above the oharaber, must be filkd 
with mercury each tune before tho chamber is evacuated. 

*1116 following procedure is used to test whether the apparatus is 
gas-ti^t The entire apparatus is filled with mercury by lifting the 
leveling bulb , then tho upper stopcock (poaition 1) is closed and seakd 
with mercury Now the bulb is lowered and by keeping the lower 
stopcock open, tho mercury is allowed to drop to the 50 mark If 
there IS a leak air will be sucked m and when the bulb is now lifted 
the mercury will not reach the upper stopcock due to tho presence of 
air If the apparatus is oir tigh t, the mercury will hit tho upper stop- 
cock with a noticeable noise when the leveling bulb is raised If tl^ 
is not the case tho procoduro must bo repeated and gas 
Ihrou^ tho funnel until no more air is proeont Repeated evacustwn 
ThU lubncant can be obtained from tamer A Amend New "iork Qty 
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l» neceBBary when new rubber tubmg is used, or if air haa been allowed 
to enter the faibmg If repeated evacuation fails to secure vacuum, 
the stopcocks must bo removed and regreased after careful cleaning 
A better procedure to teat for vacuum la the following About 0 4- 
0^ ml of air a introduced mto the apparatus, the upper stopcock is 
closed, sealed with mercury and the volume of air is road by leveling 



PiQ 8 D«Urery of blood umple into chamber of apparatoa from rubber 
Upped pipet 

tlie mercury m the bulb with the mercury m the apparatus Then 
the bulb IS lowered to bnng the mercury to the 60 mark the lower 
stopcock IS closed the apparatus is removed from the stand and 
shaken by hand 10-16 tunes. TTie apparatus is then attached to the 
stand and the mercury is allowed to enter the chamber by opening 
the lower stopcock and liftrag the bulb Now the gas \ olume is read 
If the apparatus was air tight, the reading will bo the same as before 
Pijtds If 1 ml of plasma is used the Ostwald pipet (fig 8) is 
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recommended^ which allows tho measurement of blood between 2 
marks, one mark being above the bulb, the other mark below the 
bulb of the pipet, both marks ore above the stopcock of the pipet 
The pipet is tipped with a soft rubber nng, made of a pMXse rubber 
tubing 1 cm- m length, 1 mm inner diameter and 2 mm thickness. 
Hiis rubber tipped pipet is used to transfer the sample directly mto 
the chamber of the i^paratus. If no Ostwnld pipots are available 
ordinary pipots with 2 marks may be used 

Reagenis 

(1) Approximately N/1 tactio acid prepared by diluting 1 part of 
concentrated lactic acid (specific gravity 1.2) \nth 10 parts of water 
Acid as well as water must bo free from carbon dioxide To remove 
possible traces of COt, air is blown through the dilute acid until the 
COi content a reduced to 0 03 volume per cent, which U m oquilibnuin 
with the COrtencon of the atmoephoro To 100 ml of dilute lactic 
acid 1 mL of capryho alcohol (oct>l alcohol) is added. 

(2) 1 per cent ammonia, COrfreo The 1 per cent onunonia soh 
tioQ ccntonimg a few drops of mothylorange os indicator is shoksn 
with banum hydraxido to remove CCh '^e banum carbonate u 
filtered off and the excess banum bydroxido is removed from the 
filtrate by precipitation with ammonium sulfate. 

(3) 10 per cent eulfunc add 

Prtparaium of the blood for antUysis 

(1) Bleeding From a nontoumiquetod vem, 5-10 ml of blood are 
drawn and dohvorod carefully mto a tube containing a mi-Ttare of 
equal parts of sodium or hthium oxalate and sodium fluonde and a 
2 cm layer of mmeral oil The blood must not come m contact with 
air dunng the dehvery It is mixed carefully with a thin glass rod, 
and as soon as possible centrifuged and the plasma separated from 
the blood The oil is used to prevent loss of COi when the blood fa 
stirred This loss may cause a transfer of Cl^ons from red blood 
cells to plasma and so eignificantly Himhuwh the COj combuunf 
power 

(2) Saiitraiwn of plasma with aleeolar carbon dionde After cen 
tnfugation of the blood sample 3 ml of the supernatant clear plasm* 
IB pipetted mto a clean 2o0-300 mL separatory funnel The outlet of 
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the funnel ifl connected Tnth rubber tubmg to ft wash bottlot filled to 
3/4th of itfl volume vath glnas beads (for the absorption of water 
vapors — (fig 0) In order to obtain a large surface the f unn el la held 
m a honiontal poaition and expired oir is blown as quicklj and as com 
pletely as possible through the wash bottle 12 times. After each 
breath the f unn el is closed and the plasma spread out along the walls 
of the funnel by turning and tilting In this manner the complete 
saturation of the plasma with COt (approximately 40 mm Hg) is 
accomplished. Then the plasma Is transferred carefully to a test 
tube contninmg mineral oiL 



Fio 0 Separatory fcmnel eontalnlac plasms and sonuo arrangodforfilllDg 
with alreolar air 

Proceditn ' 

(A) Deimranation xinng Oritrofd pipcft 

The entire apparatus mcludmg the capUlarv outside of the etop^ 
cock is filled mth mercury by liftmg the lev’eling bulb The npper 
stopcock. IS clo«<!d and the bulb is lowered a little. The mercury 
column in the rcadmg capillary must remam mtact The dilute 
lactic acid with nhich the plasma will react is placed m the fillmg 
cup of the appamtus. With the Ostwald pipet 1 ml of plasma is 
taken up the outside of the pipet is carefuDj iNiped oft and the nibber 
nng IS placed on the tip The pipet is then placed agamst the bottom 
of the cup and an airtight connection obtained The plasma is now 
allowed to flow into the chamber by opening the upper stopcock of the 
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apparatus and the stopcock of the pipot As soon os the plasma hu 
reached the lower mark of the pipet the flow of the sample w mter 
rupted by closing the stopcock of the pipet, the pipet is removed and 
the upper stopcock of the apparatus is closed "l^ese operations must 
be carried out rapidly and simultaneously Then the acid is btro 
duced mto the chamber to reach the 2 5 ml mark and the cock scaled 
with mercury By lowering the bulb (position 2) the mercury a 
forced throu^ the chamber to the 50 ml mark, the lower stopcock is 
closed, the apparatus is removed from the stand and the liquid is 
thorou^y robwd by tfltmg the pipet 16 times. Then the apparatus 
is reattached to the iron stand and by slowly opcnmg the lower stop* 
cock the aqueous layer except for a very small portion is allowed to 
enter the wider arm of the U-ehaped tube (reservoir) A small 
quantity is left behind to prevent the extracted gasses from entering 
the reeorvou* from the pipot, otherwise the analysifl must bo dis- 
carded, Now tho bulb 18 raised and the stopcock la turned m such a 
way OB to mako connection with tho second smaller reservoir (narrow 
arm of the U tube) By careful lifting of the bulb tho mcrcurj is now 
directed into the chamber Tho mercury will fill up the cliamber with 
the exception of the space taken up by tho blxiratcd COi and tho net 
of the liquid The mercury in the bdb is brought to tho same le\cl 
as m the capillary tube of tho pipet and the amount of liberated COt 
is read off at the meniscus of the hquul Then tho lower stopcock is 
turned and mercury is allowed to toko tho place of the aqueous con 
tent of the chamber By opening the upper stopcock and lifting the 
bulb the liquid is removed from the apparatus through the upper 
capillary tube. Now the apparatus is washed with water and is ready 
for the next determination 

Caladatum The alkali reeorvo for temporaturoe between 16“C 
and 30'XJ la calculated according to the following formula 

X - A X (100 8 - 027 X t)(v - 0130 + 0002 X 0 
7o0 

X repreeenta the ml of CXDj (reduced to 0*0 and 700 mm Hg) with 
which 1 ml of plasma can combine ns bicarbonate after ahaking with 
alveolar air (6.6 per cent COj ■■ about 40 mm Hg) at 20 C 
B “ barometno preesure 
t ■» temperature 
V “ CX)* volume 
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The calculation is simpUfied by the table of ^'an Slyke and CuHea.* 
The alkah rcBcrve is calculated from ^ found 

m table 3a and V can bo found m table 36 

Examj^e At 18°C and 744 mm Hg barometric preasure 0 02 ml of 
COi are liberated from 1 ml of plasma. from table 3a gives 


Taslz 3a — Baromrtne Rtducium TabU 


BAJQocbv prtMCfv 

Bumrter IM 

B4 nsMVfe 

B«mel0 TW 

732 

0 061 

766 

0 095 

m 

0 066 

758 

0 997 

738 

0 067 

760 

I 000 

738 

0 071 

762 

1 003 

740 

0 074 

764 

1 006 

742 

0 978 

766 

1 OOS 

744 

0 979 

768 

1 011 

746 1 

0 esi 

770 

1 013 

748 

0 684 

772 

1 016 

760 

0 687 

n4 

2 OIS 

762 

0 6S0 

776 

1 021 

7W 

0 662 

778 

1 024 


0 979 for B 744 Consequently 0 62 has to be multiplied by the 
factor 0 070 ■» 0 00698 — 0 01 From the table can be read 

under 0 61 for 16 0 48 7 ml CO, 

under 0 61 for 20 C 49 0 ml CO, 

Hie difference for 6® is 0.3 ml for 1 it is 0 06 ml CO, "Hius 0 18 
ml (0 00 X 3) are to be added to the value for 16® The ttllfsli re- 
serve he. the amount of ml COj with which 100 ml of pljurma can 
combine under the above described conditKms, is 

48 7 + 0 18 - 48.88 ml of CO, 

(B) Ddermtnaixon performed xnih reffvlar volumetric pipete 
At the begmnmg of the detenntnation the leveling bulb is brou^Jit 
mto pontlon 1 and the entire apparatus including both capfllanes is 
filled with mercury The filling cup is filled with several drops of 

1 per cent ammonia (2) (If a red <^or appears due to amd present 



Table 3b — Table for the caleulalion of C0% eombimng pover ofplaema 


Amoaat 

ol nu 
nta off 

U 

* 760 

cm ' COi redaccdtoO* 760 Bra 
bound u UcmrbofUKby lOOcOft.* 
el pfuma 

Amoiat 
of itkt 
ma off 
0 

* 160 

a.* rai ndow] to 0* Tfl Wk, 
boudu Usrbeo^U lOD ca * 
of ptuna 

ir 

W 

ir 

JO* 

ir 

»• 

IT 

IB* 

0 20 

D I 

0 0 

10 7 

II 8 

0 BO 

47 7 

48 1 

48 6 

48 6 

1 

10 I 

10 0 

11 7 

12 0 

1 

48 7 

40 0 

40 4 

40 S 

2 

It 0 

11 8 

12 0 

13 6 

2 

40 7 

GO 0 

GO 4 

504 

3 

12 0 

12 8 

13 0 

14 3 

3 

60 7 

51 0 

51 3 

61 4 

4 

13 0 

13 7 

14 6 

16 2 

4 

61 6 

51 0 

52 2 

52 3 

5 

13 0 

14 7 

15 5 

10 1 

6 

62 6 

62 8 

53 2 

63 2 

6 

14 0 

16 7 

10 4 

17 0 

0 

63 6 

63 8 

54 I 

64 1 

7 

15 0 

16 0 

17 4 

18 0 

7 

64 6 

M 8 

65 1 

65 1 

8 

10 8 

17 0 

18 3 

18 0 

8 

66 6 

66 7 

50 0 

66 0 

0 

17 8 

18 6 

10 2 

10 8 

0 

60 5 

56 7 

67 0 

56 0 

0 30 

18 8 

10 6 

20 2 

20 8 

0 70 

67 4 

67 0 

67 0 

67 9 

1 

10 7 

20 4 

21 I 

21 7 

1 

68 4 

58 6 

68 0 

68 8 

2 

20 7 

21 4 

22 I 

22 0 

2 

60 4 1 

GO 5 

60 8 

50 7 

8 

21 7 

22 3 

23 0 

23 6 

3 

GO 3 

60 6 

00 7 

GO 6 

4 

23 0 

23 3 

24 0 

24 6 

4 

01 3 

61 4 

01 7 

61 6 

5 

23 0 

24 2 

24 0 

26 4 

6 

62 3 

62 4 

62 6 

626 

6 

24 0 

25 3 

26 8 

28 3 

6 

63 2 

03 3 

63 6 

63 4 

7 

25 5 

26 2 

26 8 

27 3 

7 ' 

04 2 

64 8 

64 5 

64 3 

8 

26 5 

27 1 

27 7 

28 2 

8 1 

05 2 

65 3 

65 6 

653 

0 

27 5 

28 1 

28 7 

20 1 

0 

06 1 

66 2 

60 4 

06 3 

0 40 

28 4 

20 0 

20 0 

30 0 

0 SO 

67 I 

67 2 

67 3 

67 I 

1 

20 4 

30 0 

30 6 

31 0 

1 

08 1 

69 1 

68 3 

63 0 

2 

30 3 

30 0 

31 6 

31 0 

2 

00 0 

09 1 

60 2 

00 0 

S 

31 3 

31 0 

32 4 

32 8 

3 

70 0 

70 0 

70 2 

00 9 

4 

S2 3 

32 6 

33 4 

33 8 

4 

71 0 

71 0 

71 0 1 

70 8 

5 

33 2 

33 8 

54 3 

34 7 

5 

71 9 

72 0 

72 1 

71 8 

6 

34 2 

34 7 

35 3 

35 e 

6 

72 0 

72 0 

73 0 

72 7 

7 

35 2 

36 7 

36 2 

36 6 

7 

73 0 

73 0 

74 0 

73 6 

8 

30 1 

30 6 

37 2 

37 4 

8 

74 8 

74 8 

74 9 

74 6 

9 

37 1 

37 6 

3S 1 

33 4 

9 

76 8 

75 8 

75 8 

75 8 

0 50 

38 1 

38 6 

30 0 

39 3 

0 90 

70 8 

76 7 

70 8 

70 4 

1 

30 1 

30 6 

40 0 

40 3 

1 

1 77 8 

77 7 

' 77 7 

77 3 

2 

40 0 

40 4 

40 9 

41 2 

2 

78 7 

78 6 

78 7 

78 9 

8 

41 0 

41 4 
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the ammonia must bo removed the funnel miahed mth mitor, dried 
with a roll of filter paper and refiUod with ammonia) The tip of the 
pipet 13 placed carefully under the liquid level and 1 mL of plasma, 
prepared as described above Is allowed to run out slowly By open 
Ing the upper stopcock and lowermg the bulb the plasma ts let into 
the chamber The funnel Is washed twice inth 0^ ml of boiled 
water 1 drop of eaprjbo alcohol and enough 10 per cent sulfuric acid 
are added to brmg the mercury to the 2^ mark. The rest of the 
procedure and the calculation are earned out as before. 

Protective glasses must alwaj'S bo worn when workmg with the 
volumetno apparatus (danger of breakage ^ ocuum) 

Manoitetrig SeinmcTio-DinTnuiNATioN o? CJO* in Pl^aua 
(Alkau UfiSEnvi.) 

Tho use of the manomotne apparatus* m desirable if greater accu 
raej IS necessary, if gosc* other than OOi are also to bo determined or 
If only small amounts of blood (0.2 mL) are available The results 
are of highest accuracy since either volume or pressure of the ox 
trocted gases may be \’ancd according to the purpose aimed at for 
each detormuiatlon 
PnnapU cf the mdhed 

The blood pwp* ore liberatod by the addition of suitable reagents 
and by e^■acuatlOIL. The liberated gases aro adjusted to a known 
volume The pressure (pi) of this volume of gas m the chamber is 
read on a mercury manometer Then the gases are oithor expelled 
from the chamber or absorbed by suitable reagents and the pressure 
(pi) IS read at the some volume os before absorption The partial 
pressure P of the gas at a given volume equals pi -- ps mm Hg. 
From this difference the gas volume at OXl and 700 mm, Hg can be 
calculated. Corroctions for vapor pressure and capillary attraction 
can be omitted slnco they are the same for both readings, provided 
that the temponiture remains constant this is gcaerally the case 
during the short time mtorval of the determination The barometric 
presBuro will also remam constant dutmg this penod. 

De^cripium of the apparalus 

The extraction chamber (fig 10) of 50 mL volume is callbratod at 
0.5 mL, 2 mL and 50 mL The chamber b additionally subdivided 
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between 2 ml and 4 ml to meaBure the extraobon bquid A stop- 
cock with a 1J2-1.3 mm bore connects the chamber with the maasur 
mg cup which holds approxiinately 7 mh and through which the 
reagents are mtroduced mto the chamber The cup is graduated m 
0^ ml dmsicais, ^ 

The extraction chamber la held in a water jacket serving as a con 
stant temperature batiu The temperature is read on a thermometer 
inserted m the water There is an airtight connection between the 
lower port of the chamber and a long verbcal glass tubmg 

(The airbght connecbon Is obtained as follows The end of the 
chamber Is pushed through the hole of a rubber stopper A piece of 
vacuum tubmg, previously bofled In vaseline in vacuum, is slipped 
over the open end of the chamber A piece of longer and wider tub- 
mg ifl slipped over the rubber stopper A rubber stopiier of equal mm 
ia put on the long vertical glass tubmg, which is then connected to the 
chamber through the \ acuum tubmg so as to lea\ e a distance of about 
6 mm between the ^ass parts. The ^ass ends should not touch 
each other otherwise the chamber may break when whflkmg Now 
the lower end of the wide rubber tubing is moistened with rubber 
solution slipped over the lower rubber stopper and fastened with wire. 
The outer rubber tubmg is filled mth mercury with the aid of a Kma.ll 
funnd inserted betis-wn the upper end of the rubber tubmg and the 
stopper The connection thus becomes airtight The funnel is 
removed the upper end of the jacket is closed soaled with rubber and 
tied with wire ) 

The mner diameter of the giass tubmg is 4 mm its length 800 mm 
It la bent at right angles and is m a free connection with a lovelmg 
bulb and a mercurv manometer Its upper end maj bo either open or 
dosed (fig lOn) In the open manometer a pear shaped end prev enta 
loss of mercur> bj spilling when the bulb is lifted above the extraction 
chamber Oscillations of mcrcurj between the extraction chamber 
and the manometer are mmimiied by the narrowmg of its lower end 
The zero pomt is located about 80 cm below the 60 ml mark of the 
chamber The manometer tube is subdivided m distances of 1 mm 
Elach 10th dlnsion is marked bj a heai’y Ime In order to avoid 
paralactic errors a arcular raarkmg la recommended The reading is 
facilitated bv pbemg a piece of frosted glass behmd the tube. 

Instead of the open manometer whose zero pomt is at knee hel^t 
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a do9ed manometer can be uacd (fig 10b) llie closed manometer 
conaistB of a tube of 4 mm diameter which bears no opening, but la 
closed with a stopcock The cabbnition starts at the height of the 
middle of the chamber and has dlvisionB up to GOO mm At the begm 
nmg of the determmation the oir is expelled from the manometer by 
fillmg it with mercury and the stopcock is closed Thus no at- 
mospheno pressure is exerted on the mercury m the mnnomoter and 
consequently all the readings nse by 700 rom. This apparatus h 
much shorter than the one with open manometer and can easily be 
transported But there ore certam disadvantages resulting from the 
danger of the reagents penetrating mto the closed manometer The 
ensuing water vapor pressure may lead to faulty pressure measure- 
ments, In order to cancel this error 3-^ drops of concentrated sul 
funo acid or tnmothyleno-glycol or dimcthylene-glycol are admitted 
through the manometer stopcock They are allowed to flow down 
the tube for about 10 cm and are ejected through the stopcock 
by raiamg the mercury level The romammg acid or glycol absorbs 
any possible water vapors. 

The bulb of the leveling appiaratus has a volume of 100 ml and a 
connected through 1 meter of vacuum tubing (boiled m vaseline m 
vacuum) to a Y-shaped jomt with 2 stopcocks. Tbo stopcock (a) at 
the upper end of the Y jomt Bcrves to let out any posaible air bubbles 
which might have entered the tube while fillmg it with mercury 
The Bide arm is connected through rubber tubmg to the levelmg bulb 
A stopcock with a 3 mm bore connects the vertical arm to the man 
omoter and the chamber through c screw-clamped rubber tubmg. 
The entire apparatus with tlie open monomotor is mounted on a 
board This board is attached m vertical poeitlon to the edge of a 
table near a water tap A hole is cut m the board to permit easy 
rotation of the extraction chamber 

A water motor or any motor with 200-300 rpm con be used for 
shaking The chamber is shaken by means of a metal rod connected 
to an occontno wheel of the motor on one Hide and a clamp on the 
water jacket on the other 

For cleaning the mercury is removed and the apparatus is filled 
with cleaning solution then washed thoroughly with water and dried 
with acetone Finally air la sucked through to remove all the acetone. 
Any rubber connections which have been m contact with cleaning 
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Bcdutlon are removed and replaced- For on occasional cleaning of the 
extraction chamber (after ae%^eral determinations a tlim la>'er of pre- 
cipitate may have formed on the walls and can not be removed by 
water or aikah) the chamber alone may be filled for a period of 12 or 
24 hours with cleaning solution (dichroraate-sulfuno acid) Care 
must be taken that no acid reaches the rubber connections below the 
gas chamber or the tubings. This can bo achieved by regulating the 
position of the levelmg bulb and by closing the stopcock b The stop- 
cock grease as descnbed on page 28 is used but the stopcocks should 
not be removed and greased too often- The stopcocks should bo 
cleaned by wipfag them mth clean Imtfreo towels. All openings of 
the apparatus should be plugged uith cotton m order to keep the 
mercury clean 

Tetl for paonrm The extraction chamber »s filled up to the upper 
stopcock with mercury by lifting the le\dmg bulb to e.’tpel the air 
from the apparatus then the upper stopcock is closed and scaled Mth 
mercury and the bulb loii'ered until the mercury has reached the 
50 ml mark. If a leak a present, oir nil! bo sucked m by frequent 
lifting and Icm-ering of the bulb In such a case oir will preient the 
mercury from roacUmg the upper stopcock when the bulb is rawod 
If the apparatus is airtight, the mercury will audibly hit the walls of 
the apparatus upon Uftmg of the bulb An altomato method for 
testmg for leakage fa as follows the e-xtraclion chamber is filled irith 
an amount of water corre^xniding to the volume of the test solution 
After 3 minutes shokmg to remove the air the pressure Is read on the 
manometer at a volume of 0,5 mL The procedure Is repeated, and 
if the apparatus is airtight the readings must be identtcal- 

Reagenis 

(1) N/10 lactic acid, prepared by diluting Immediately before use a 
6 N lactic acid solution (1 60) The dilute solution is easily con 
tammated by moulds. To tho dilute solution 2-3 drops of capryllo 
alcohol arc added and tho mixture a well shaken before uso 
Procedure Dran-ing of the blood separation of the plasma and Its 
saturation with all colar air ore performed os descnbed for the x olu 
metric analj'sis. The apparatus. Including tho capillary pipct nbov’e 
the stopcock is filled aith mercury Tho stopcock fa closed and Uio 
Icx'cling bulb lowered (position 1 ) Tho ncgatix-o pressure should bo 
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\ery alight and the mercury in this position must not fall when the 
stopKxick IS closed After a few milliliters of the lactic ocid-capryhc 
alcohol mixture have been brought mto the filling cup, 1 ml of plaan* 
IB mtroduced into the extraction chamber, using the 0st\7ald pipet 
The rubber tip of the pipot is preased against the bottom of the cup 
and the plasma is Efucked mto the chamber by opening the upper 
stopcock of the apparatus and the stopcock of the pQiet When the 
plasma has reached the lower mark of the pipet the flow of the sample 
IB mteiTupted by cloamg the stopcock of the pipot Then the upper 
stopcock of the apparatus is closed and the pipet is removed Ennui 
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taneously Lactic acid from the filling cup is now allowed to flow 
mto the chamber, until the liquid has reached the 2J5 ml mark Ihe 
stopcock IS closed and a drop of mercury is placed mto the cup to 
secure a ti^dit seal (fig 11) 'ITie excess of lactic acid m the cup ifl 


removed by suction with a water pump 

It B recommended to insert a separatory funnel with a 2-hole 
rubber stopper between water pump and apparatus to collect any 
mercury which might be contained m the stream of lactic aetd and 
which destroys the pipes by forming an amalgam Ihe mercury col 
lects in the funnel from which it can easily be removed through the 
stopcock washed and used w gam (fig 12) After the lactic acid an 
the plasma have been mixed well by frequent raismg and loircnng 
the bulb, the bulb is lowered until the surface of the mercury ( 
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of the liquid) has reached the 50 ml mark at the bottom of the rharn 
ber The stopcock b i* closed and the chamber is shaken for three 
minutes. Stopcock b is opened, the bulb raised and the \olume of the 
gas 18 brou^t to the mark 2 (measured at the surface of the bquid not 
of the mercury) This adjustment must be done carefully It b ^ 
advised to close the stopcock as soon as the hquid approaches the 
mark 2 and to regulate the final adjustment with the pmch clamp 



(bdow stopcock b) Any abrupt flow of mercury to the c hamb er 
during the volume regulation after extraction has to be a\oided 
because of possible rcabaorption of the derv eloped CXh If the adjust 
ment has not been achie\ ed immediately the mixture must be shaken 
for another minute and the volume regulation repeated os described 
abo\ e The pressure Pi is read from the manometer, the stopcock b 
remaming closed Now the mercury is removed from the filling cup 
by suction and the extracted gas is ejected from the apparatus bj 
opening the stopcock beneath the cup and careful lifting of the bulb 
to a level above the chamber LossofHquidi* to bo avoided A drop 
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of mercury la again placed on the bottom of the fiUmg cup the Burface 
of the liquid la brought to mark 2 and the pressure P* is read from the 
manomotor The difference betireen Pi and P| corresponds to the 



Fro IS Nomogram (Ihio chart) according to ran Slykc and Neill All 
gradations at right angles to their axea 

pressure of gas (COi plus air) ejected from 2^ ml of hquid (plasma 
and lactic aad) 

Cofcufo/ion With the aid of the van Blyke and Neill noriogr*™* 
(fig 13) the COj capacity can be calculated from these pressure rend 
mgs and from the tompomturD. The value for the pressure difference 
Pt — Pt is inserted into the left vertical hne and the value for tlw 
temperature mto the right vortical Imo of the nomogram A Ime w 
drawn throu^ these 2 pomta. The CO* content (alkali reserve) con 



nUX)D av8 AKVLYSIS D D VVN 8LTKE 


43 


be read e^clly (to 0^ per cent) at tho lntcr<cctJon of this line with 
the shmtmg Imo of Uic nomogram 

EjampJe 

Pi “ 42o mm tempemturo 24*C 
Pi ° lOo mn^ 

D = 200 mm. 

From these figures an alkali rcson e of 58 \ olumo per cent can be read 
from the nomogram i o 100 ml senun at 40 mm COj prea^ure com 
bmo with 68 ml of COi 

^IA^olrETmc Micno-DrrntjiiNATioM or TnE Alkali He seh vi: 
EeagtnU 

N/lOO bctic acid, propareti liy diluting ono ml of 5 N lacUc acxi to 
600mLi\ithi\atcr 

Pneedurt 

Enough plasma Is Introduml lutt» a fill )\\\ H'pnralury U\\m\ fi>r 
dupbeate nnolysla. Tlio plsenm U f‘nlui»tl^4| ullh filr of 6 ft ppp prut 
COi content as dcscnlKvI qIkiva 'llm Mpjmuiliitt jd piPjmiPil mn iIp 
senbed on p 36 and 0 2 ml of plnbiiui b hjiHigli) InlO llm I'lituulirt* 
followed by lactw ocid and caprylln olrohnl u)j (u lUttiK D Afh'l llu' 
stopcock has been bcqIM off nltli inf priiiy and llm nsrnw Iim'IIk iH'id 
^cmo^cd from tlie Hlling cup, tho lii|uldd nm wpII nilvul In niUllig 
and loa-cnng tlie leveling bulb, anil tlio rbnnilKr Im Hlinkun fur IliP'O 
mmutes. Tlio prcssuio pj of Uio o\lnirtcil gaww in nuul hI ii > ulumo 
of 0J3 ml Tlion the gohes aro pjorteil from (ho rlminlmr, tlin |o\p) Is 
ngnm adjusted to Uio OA mark nnd Ibo pn-inim Pi h mid Tlio 
difTerenco beUveen jij and |>» Is recorded and tlin eortcijpondlng CO| 
value la found from Uio cliart as descrilieil for Uio maero-dotcrmlna 
tion Since Uw tablo Ims l>een computed for Uio boml micromelhod, 
the result lias to lie nmUlplIeil by 1 20 

This factor U arriveil at by Uie following calculation If tho samplo 
sue used for Uio mlcromeUioiJ U transfcmsl to Uio bcml micromelhod, 
the rcwjlts must bo multiplied by 5 (1 ml /0j2 ml ) Since In Uie micro- 
method the volume has been rodu '’^pe-fourth (0.6 ml /2 ml ) 
tbe resulting figure must bo div i This would result in a 
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of mercury is ogam placed on the bottom of the filling cup th 
of the liquid i5 brought to mark 2 end the pressure Pj la read 
manometer The differciDcc botwieen Pi and Pi corresponc 



Fio 13 Komogrtun Oloo chart) aceording to ran SlyVe and I 
gradationa at right oagfoa to their oxci 


pressure of gaa (CX^ plus air) ejected from 2^ m3 of liquid 
and laetjo acid) 

CoJctdoiion With the okI of the von Slyke and Neill no 
(fig 13) the COj capacity can be calculated from these pressi 
ingfl and from the temperaturo. The \olue for the pressure d 
Pi — P» IS mserted into the left vertical line and the >aluc 

tpTnrrfrmtiim intrt nirlil vArtii^l lino nf tho nnmoffrnm 
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be read exactly (to 0^ per cent) at the intersection of this Imo with 
the filontmg line of the nomogram 

Exwnple 

Pi • 425 mm temperature 24'’C 
Pi — 105 mm 
D ^ 200 mm 

From thoe figures on alkali reserve of 68 volume per cent can be read 
from the nomogram 100 mL serum at 40 mm COj pressure com 
blno with 68 ml of CXDi 

hfAuoiEBTRio MicEO-DrrEBMiNATios OF TUB Alkau RESEnVX 
BmffenU 

N/lOO Uctic aad, prepared by dButmg one ml of 6 N lactic acid to 
600 ml with water 

Procedwe 

Enough plasma is mtroduced mto a 60 ml seporatory funnel for 
duplicate analysts. The plasma is saturated with air of 6.6 pier cent 
(X)i content as described obov© The apparotua is prepared as de- 
eenbed on p 36 and 0.2 mi of plaamn is brought mto the c h a mb er 
followed by lacbo acid and caprybe oJcohol up to mark 2 After the 
stopcock has been scaled off with mercury and the excess lactic acid 
removed from the fiUmg cup the laquida are well mixed by raising 
and lowenng the Im'elmg bulb and the chamber is shaken for three 
minutes. The pressure pi of the eKtmcted gases is read at a volume 
of 0.6 ml Then the gases are elected from the chamber the Icrv el is 
again adjusted to the Oji mark and the pressure pi is road The 
difTerence between pj and p* is recorded and tho corrc^jonding COi 
value 18 found from the chart as deaenbed for the mncix>-dcteTmma 
tion Bmce the table bnw been computed for the scmi micromclhod, 
the result has to be multiplied by 1.20 

This factor Is am\ ed at by the following calculation If tho sample 
■no need for the micromethod is transferred to the facml micromethod 
tboremiltsmuetbomulUplKjdbyfiflm! /0.2ml ) Smcom thomicro- 
*^^®tbod tho Volume hna borni mdueod to one-fourth (On ml /3 ml ) 
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factor of 5/4 — 1^, if the corroctionfl for unextracted and redo- 
solved CX)i were the same for semi micro and rmcroanolysia Hot 
over, the extraction is more comploto ^nth a RTnnJI volume of solutwi 
whereas the reabaorption amounts to 3 7 per cent, as compared to 
1 7 per cent for the semi mlcromethod Under these circumstance) 
the empirically developed factor 1^ for the multiplication of the 
microvalues gr, cs results which are m good agreement with the resulta 
obtamed with the semi mioromethod 
Use of pipeta (see pp 31, 33) 

Example 

Pi ™ 376 mm temperature 20®C 
Pi — 163 mm 
D = 212 mm. 

According to the nomogram these figures mil represent an alkali 
reserve of 46^ which multiplied by the factor 1 ^ results m the final 
value of 6733 vol per cent COi 

Normal values for the alkali re*or\'o are 66-80 voL per cent CX)j for 
adults and 43-06 vol per cent CX)t for children 
The alkali re*or\ a vanes considerably under physiologic conditkma. 
After food intake the CX)j value rises and the alkali reserve drops, 
beginning approximately one hour after the meal and la st ing for 

sev eral hours. These changes are absent m hypoacidity of the gastnc 

]uice and are more marked m hy3X)mcidity Durmg sleep tho bi- 
carbonate content of the blood nses, thia rise is not connected with 
any change m the constituents of the blood, but is caused by a chang® 
m stnnulntion of the respiratory center Ehinng heavy physkiil 
work tho alkali reserve foils because the bicarbonate is used up « 
buffer for the lactic acid formed during exercise 

Respiration plays the biggest port in regulating the a lk a li reserve. 
Variations m the acid base balance can be compensated by changes m 
the depth of respiration Durmg reduced ventilation of the lung 
mcrease m alveolar COi tcneion occurs followed by an mcreose of 
bicarbonate accordmg to the formula 

NaaCX), + H,CO, - 2 NaHCO, 

This condition (increased alkalireserve) is encountered m pmnary 
asphyxia, m emphyeeroa, cardiac lung, pneumonia also as a result oi 



BLOOD QAS AHALTHia D D TAJ* BLTKE 


45 


an alkalmng diet (vegetables, potatoes), and medication fbicaibonate, 
magnesia, etc.) 

In cases of mcreased ventilation of the lung a decrease in alkali 
reserv e IB found e.g in fever, encephalitis high external temperature, 
etc, 

A decreased alkali reserv e can also be foimd m all processes accom 
panymg mcreased acid formation m the organifan, i e. 

(1) diabetes mellitus, precomatose 3(M0 vol per cent (X)* dunng 
coma values to and b^ow 15 \oL per cent (Xh 

(2) m kidney diseases terminal state of nephritis, hydronephrosis, 
pyonephrosis cyatw kidney 

(3) eclampsia, tone pregnancy, byperemeais gravidarunL 

(4) dunng starvation (formation of ketobexhes) 

(6) hyperacidity of the stomach 

(6) mgestion of acids, aeKl*poi»oDmg 

(7) excess ingestion of arnmnnift salts (ammonium ohlonde, 
phosphate etc 

(8) acid diet (meat, cereals, etc ) 

^LuvoiCEmuc SEiioncRO-irETHOD POB TEE Deteioiination op 
Blood Gases (Cabbon Dioxide, Oxtctein, Carbon 
Monoxide Nithogen) 

Apparatus seomanometricdetennmationofthealkalireserve, p 35 
Pnncxple of the method 

The blood gases are liberated m vacuum and the vonous gases are 
absorbed by specific reagents The resulting diJTercnces m pressure 
represent the amounts of the various gases present 

Reoffenta 

(1) Potasamm feme cyanide-lactic acid murturo * 

(a) 33 Qm of potassium feme cyanide 33 Gm of sapoom 
450 Gm of urea 6 ml of capiylic alcohol are dissolved in distilled 
xater m a I liter i olumetrfc flask and made up to the mark 

(b) N lactic acid made up frcrfi each time by dQutmg a 6 N 
lactic acid solution (see dotcnnination of alkali reserve) Before 
use 0 ml of solution a ore mixed with 0 00 ml of solution b m the 
filling cup of the apparatus 
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(2) 6 N NaOH (20 per cent), or N/1 NaOH 

(3) Sodium hyposulfito reagent 10 Gm of sodium hj-pomlfite 
and 1 Gm of sodium anthraquinon<H3-6ulfonate are dissolved m 60 
ml of 0^ N sodium hj’droxide m a beaker and filtered rapidly throu^ 
cotton (if sodium onthraqumone-^-culfonato is not available and tlte 
determination has to be earned out inthout the use of it, the oxygen 
absorption is retarded It cataly'xes the absorption of Oj 'The 
absorption la completed m one mmute with the nuxture, otherwise 


3-4 minutes would be required by hyposulfito alone) The filtrate 
IS directly brought mto the apparatus m order to remove any traces 
of dissoUed air The upper stopcock is closed and sealed with hlet 
cury The chamber is now e\acualed by lowcrmg the mcrcurj levd 
m the pipot to the 60 ml mark and the chamber a shaken for 24 
mmutes The liberated gna is ejected from the chamber by raising 
the mercury and openmg the upper stopcock, the stopcock is closed 
and the evacuation is repeated- This gas free solution may be kept 
for a short penod of tuno (one day) m a calcium chlondo tube (fig 
14a), Clinch IS equipped mth a short rubber tubmg mth a pmch 
clamp and a wtruill plam tube Paraffin is used to protect the liquid 
from contact with air No air must come m contact with the reagent 
dunng Its transfer from the chamber to the calcium chloride tube 


sex’eral drops of paraflfin ore placed m the tube the pmch clamp h 
opened to allow paraffin to fill the rubber tubmg and tho glass tube. 
By rawmg tho levcimg bulb the manometer reservoir is filled partly 
mth mercury to establish a high pressure m tho apparatus. Then the 
stopcock b a closed and a rubber tipped glass tube (os described for 
the piiiet) IS preesed against the bottom of tho filling cup By careful 
openmg of the stopcock a and the pmch clamp of tho calcium chlonde 


tube the reagent is forced mto tho tube by the mercury pre«u^ 
When all of the hyposulfito has been remo\ cd from the chamber, the 
stopcock and pmch clamp ore closed sunultaneously This 
must be prepaid fresh oveiy day The sodium hydroxide (6 N ^ 
N/1) used for the COj absorption ore freed from oir m a snniur 


manner 

Large amounts of absorption reagent may be kept free from gas m 


a modified Hacmpel pipet (fig 14b) 

(6) pyrognllol if only occasional oxygen analysea are 
pyrognllol solution may be used instead of the bisulfite PyrogoU* 
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will keep indefiiutely 300 Gm. potassium hydroxide (alcohol free, 
purest gnuio' are dissoh ed m 200 mk of water and introduced mto a 
glasa stoppered bottle beneath a deep ln>'er of paraffin For each 100 
ml of alkali 16 Gm of pyrogallol are added. This blue-green solution 
turns deep brown when oxygen is added 
Preparation of the blood sample The blood a taken with a dry or 
parafinaled syringe and transferred to a test tube contanmig a few 



Fla H Apparatos for Lceptof mceota free from gas. 


nd- of m iner al oil and a small amount of a mixture consisting of 2 parts 
bthium or potassium oxalate and 1 part sodium fluonde. The fluo- 
tide prevents eniymalic degradation of the carbohj’dratca (lactic 
formation) 

P^ncerfure After the apparatus has been denned and tested for 
vacuum 0 ml of the femej onide-lactic acid reagent arc brought Into 
the reaction chamber The upper stopcock Is closed sealed off with 
mercury and the reagent h fre^ from air bj abalnrig m xacuo (mer 
wry to the 50 mark) The evacuation must bo repeated until con 
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stant readings arc obtained on the manometer Then tie reagent a 
transferred to the filling cup by careful raismg ot the leveling bolb 
One ml of blood which has been thoroughly mued under mineral oO, 
IS transferred ^\ith an Ostwnld pipot into the extraction chamber as 
described before and the reagent is added to the 3^ mark. 'lie 
upper stopcock la closed, scaled with mercury, the excess reagent is 
removed by suction from the cup and the cup is wiiahed with water 
The contents of the chamber are \roll mixed by repeated rising and 
lowering of tlio bulb Finally the bulb is lowered until the mercary 
meniscus m the chamber has reached the 50 mark, the stopcock b a 
closed and the chamber la shaken for three mmutes By opening the 
stopcock b and liftmg the levehng bulb the meniscus of the liquid b 
brought to the 2 mark ITie bquid level should nse slowly Any 
jerking motions of the mercury m the chamber during the volume re- 
duction after extraction should bo a\oided smeo reabsorption of the 
gases may take place under these conditions, should this occur, the 
process of o>acuaticm shakmg and adjustment to the mark must be 
repeated The total pressure pi of all the ejected gases b read from 
the manometer 

For the detenmnatiou of COi, 1 mL of gas-free N/1 NaOH or 02 
mk of 6 N NaOH plus the volume of the stopcock bore are measured 
mto the filling cup (the volume of the stopcock bore is usually marked 
on the apparatus by on arrow on the fiillmg cup) The alkali is let 
Into the chamber m several portions using sh^t vacuum- The upper 
meniscus of the hquid should approximatelv reach the mark 4. Cere 
must bo taken not to allow any air to enter the chamber The stop- 
cock IS ft gftln scaled off with mercury and the liquid m the chamber la 
miyF>d by careful shakmg by band. The COi is thus absorbed, tie 
liquid meniscus is adjusted to the 2 mark and the pressure pj 
pressure after absorption of COi) » read from the mano meter For 
the determination of oxygen 1 ml of the air-free hyposulfite solutKin 
(3) is brou^t mto the chamber m small portions usmg low vacuum 
(see COi absorption) The chamber is gently shaken by hand, the 
liquid level adjusted to the 2 mark and the pressure Pi b read from 
the manometer Tlio sensitmty of the manometer can be altered by 
chimg in g the volume of the liberated gases. By decraaamg the gu 
volume the sensitivity of the determhiation can be Increased according 
to the law of Boyie-Manotte — the gas prefflure la invorselv proper 
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tional to tho volume. If the gas i« adjusted to a volume of 2 ml 
0 01 ml of this goa corresponds to a manometer reading of 4 mm 
When this same gas volume » brought to the 0.5 roL mark, the 
manometer rcadmg mil bo 10 mm. Should the difference pi — i>i 
be too small, tho 0 5 mark may also be used for adjustment and the 
pressure correspondmg to tb* point soould be read 

After the absorption of the oxygon a small constant gas reaidoo 
remains (1.2-1 4 vol percent) Tnis residue represents the nitrogen 
If the blood sample contains carbon monoxide, the pressure pj is 
read and the gas left over after COj and Oj have been absorbed is 
ejected from the chamber and the bqutd is adjusted to the 2 or 0.5 
mark The difference pj Pi shows the amount of CO + mtrogen 
The CO content la obtained by subtraction of 1.2 voL per cent (Nj) 
If only COi and Oi ore to bo determmed the procedure can bo slmpU 
fled as follows The COi is detormmftd by absorption (pt — pi) and 
tho Oi and N| content are obtained together by ejecting the gases from 
tho chamber Bj subtraction of 1.2 \olumo per cent (N| content) 
the oxygen content of the sample u calculated 

If only tho carbon monoxide is to be dotennincd, no sq>ajrato ab* 
sorption of COf by sodium hydroxido is needed The CO* can then 
be absorbed by btsulSte together with the oxygen The gas which 
remains behind after absorption with sodium hypoeulfite (or pyn> 
gallol) is a mLxturo of CO and mtrogen By ejection of these gases 
from the chamber the pressure pj is determined and by subtraction of 
tho nitrogen factor of 1.2 vol per cent the CO content of tho blood Is 
found 

Calculalion 

(1) calculation of COi 
Pco* •“ Pi “ Pi ““ Pcoi 

Pi •• pressure of tho gases after treatment with potassium fern 

cyanide bctic acid and urea mlxluro. 

pi — pressure after absorption of COj vnth NaOII 

Pco, “ a constant (sec below) 

Tho difference expressed m mm Ilg, multiplied by the factor mdicatcd 
m table 4 giics tho COi content In \oL per cent. 

(2) Calculation of the oxj'gcn 
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Po, “Pi — Pj — Co,(a“>2ml)or 

Po, - pi “ Pj - Co, (a = 0^ ml) 
pi " pressure of the gnsea after absorption of CO, 


Tabli 4 — Faciort for th$ calculaiton of go» eonlaU of blood (CO, Ot CO H) 



Futor for COi 

Ftrur (or Oi. CO ud K 


S>MPlt 1 


Siaol* 

SnajAr 


Sc^ 






ml 


rc) 

S-]0Ekl3"4Sal 

S - 

S - LCm 

S- 


8- 





















1 - 1 014 

1 1 « 


• - OJ mla •• ]«B 

■ - OJ a 



ml 


ml 

1^1 no ml 

1 > IJOml 

1- lOCml 

1 - IViml 

i-im3 

16 

0 336 

0 2725 

0 U8S 

0 312 

0 0023 

0 3493 

0 0317 

0 1251 

10 

0 333 

0 2711 

0 1470 

0 310 

0 0021 

0 2485 

0 0316 

0 1245 

17 

0 831 

0 2007 

0 1460 

0 309 

0 0019 

0 2478 

0 0314 

0 1243 

18 

0 830 

0 3083 

0 1449 

0 303 

0 0017 

0 2468 

0 0313 

0 12r 

19 

0 828 

0 3609 

0 H39 

0 307 

0 0015 

0 2469 

0 0311 

0 1233 

30 

0 827 

0 2666 

0 1429 

0 307 

0 OOlS 

0 3460 

0 0309 

0 1228 

31 

0 326 

0 3640 

0 1419 

0 300 

0 0010 

0 3441 

0 0308 

0 1234 

23 

0 334 

0 3620 

0 1410 

0 306 

0 0608 

0 2433 

0 0306 

0 1210 

23 

0 323 

0 2013 

0 1401 

0 303 

0 0600 

0 3433 

0 0305 

0 1215 

34 

0 323 

0 2600 

0 1391 

0 303 

0 0004 

0 2414 

0 0303 

0 1210 

26 

0 320 

0 2638 

0 1383 

0 301 

0 0003 

0 2400 

0 0303 

0 1305 

20 

0 318 

0 2576 

0 1373 

0 300 

0 0600 

0 2398 

0 0301 

0 1303 

27 

0 317 

0 2563 

0 1304 

0 399 

0 0696 

0 2390 

0 03M 

0 1166 

23 

0 316 

0 2540 

0 1360 

0 298 

0 0500 

0 2383 

0 0298 

0 iin 

29 

0 814 

0 2637 

0 1849 

0 397 

0 0503 

0 2374 

0 0306 

0 1169 

30 

0 313 

0 2520 

0 1341 

0 290 

0 0592 

0 2306 

0 0395 

0 1185 

81 

0 813 

0 2516 

0 1333 

0 296 

0 0590 

0 2368 

0 0394 


33 

0 811 

0 2564 

0 1326 

0 294 

0 0688 

0 2350 

0 0393 


S3 

0 810 

0 3493 

0 1318 

0 293 

0 0680 

0 3343 

0 0391 


84 

0 308 

0 2482 

0 1310 

0 293 

0 0683 

0 2333 

0 0390 



8 ~ toi«l Tolume of liquid, 
a ~ mark ehoMn for (Ei 
1 — constant of apparatus. 


Pi “ pressure after absorption of oxygen 
CO, = constant. 

The difference in mm Hg multiplied by the factor indicated m 
table results m the oxviren content m volume per cent. 
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If the reading irsa taken with tho gaa nt the 0 J mark instead of at 
the 2 mL mark, the corresponding colume of tho table must be used 
(3) Calculation of CO and Ni 

I^Mi-CO •• p» “* p4 

Pj “ pressure after absorption of orygen and COi 
P 4 ■■ manometer reading after ejection of the gas residue. We fotmd 
that it IS not necessary to apply a correction factor as no absorption 
liquid IS mtroduced mto the chamber 
The CO content is obtomed by subtracting 1.2 volume per cent 
from the abo\ e calculated value The 1.2 volume per cent represents 
the mtrogen 

The calculation with the table can only bo made if the constants of 
the apparatus (volume of chamber 60 m].» volume of reagent mixture 
8 “ 3.6 ml reading at the 0.5 mL or 2 mb mark 1 mi blood sample) 
are identicai with those of the table Table derived from H SchiTarx, 
Milcrogasanab'se, Wien 1936 

Introduction of a measure<l amount of absorbing agent (I ml of 
N/1 or 0.2 ml of 6 N sodium hydroaude, I ml of sodium byposul6te 
pyrogallol etc.) into difTcrent apparatus results in different pressure 
drops m the manometer Therefore a correspondmg factor has to be 
determined for each apparatus. This constant is detennbed by a 
blank analysis 08 follows 5 ml of potassium ferricyonide-iactlc acW 
reagent are oacuated till tho liquid is gasJ^ree (constant manometer 
readmgs after ejection of tho liberated gases) For tho foilomng 
analj'sis onlj 3.5 mb of reagent Is used Uicn on equal amount of 
sodium hydroxKlo (1 ml of N/1 or0.2ml of 6 N) hypoaulfite (I ml ), 
pyrogallol (1 ml ) is added and tho pressure fall after each addition 
is noted This constant > ones bctucen 0.5 and 4 0 mm Hg 
Example of a scmi-microdctenmnation of COi Oi, and Nt with ab- 
sorption of COi and Oj 


Tempcralnre 22* C 


p 

mark 2 

mark 0.a 




Pi 

420 1 


CcOi 


4 

Pi 

22S 7 

3.^1 S 

CcH 

fa - 2 ml ) 

6 

pi 

in 

15S 

Coi 

(a - 0.5 ml ) 

2 4 

p* 

173 

163 





\ ol per cent COi - (pi — pj ~ Cco,) X F “ (420 1 — 223 7 — 1 4) 
X F - (101 4 - 1 4) X F - 100 X OJW20 - 49.S0 
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voL per cent Oi (a = 2 ml ) - (p, — p, — Co,) X F - 223 7 - 17B 

- 1 6) X F = (60 7 - 1 0) X F = 49 1 X 0^32 - 11 94 
vol per cent Oi (a — 0^ ml parallel microanalj'sia) = (pi — pj ~ 

Co,) X F - (3&4^ - 180 - 2 4) X F - 198^ - 2 4) X F 

- 190 4 X 0 0008 =■ 11 94 

\ol per cent Ni(a=>2ml) — (pj— p 4 )XF — (178 — 173) X 
F-6F- 6 X02432 = 1^1 

vol per cent N| (a «= 0^ ml ) — (p, — pO X F <= (180 — 105) X 
F = 21 X 0 0008 - 1^0 

Example of a CX)» and Oj onolysiB without absorption of the Oi 


Tempemturo 24 C 


p 

mark 2 

pi 

430 

pi 

216 6 

pi 

173 


mark 0^ 

S38 Cco, - I 4 

165 


voL per cent (X)| ■ (pi — pi — Cco*) X F = (430 — 215.6 — 1 4) 
X F = (214.6 - 1 4) X F - 213 1 X F - 213 1 X 02000 
" 66 40 

vol per cent 0, + Ni « (216.6 - 173) X F - 42.5 X F •= 426 
X0J2414- 10J26(a = 2mI) 
vol pKsr cent 0* = 10.20 — 1.2 •- 0 00 

voL per cent O, + N, = (338 - 106) X F - 173 X 0 0604 - 10 45 
(a = 0.6 ml) 

\oL per cent Oi = 10 46 — 1.2 «- 0.25 
Example of a CX) amUyeis with previoufl absorption of (X)j and Oj 
together 


Tempermtare 20 C 
P m«rk 3 

Pi 438 6 

Pi 108 0 

pj 178 0 

vol per cent CO + N, <= (p, — p,) X F 
26 X 0J2460 - 0 126 (a «= 2ml ) 
vol per cent CO *■ 0 126 — 1.2 * 4 925 
vol per cent CO + Nj— (pj~pi)XF 
102 X 0 0013 = 6 252 (a - 0.6 ml ) 
voL per cent CO = 6.252 - IJl - 6 052 


in ar k 0 5 


(198 - 173) X F » 


(208 - 160) X F ” 
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If only the oxyge n botmd by the hemoglobin is to be detennmed 
the X alue corresponding to the dissolved oxygen has to be subtracted 
from the result In venous blood 0 I vol per cent Oj must be de- 
ducted m arterial blood 0.2 wL per cent Oi 

iLo.oiicTBic Micro-Method for the Determevatiov or the 
Blood Gahes (Oj COi >*») 

Reagents and preparation of the blood sample as described above 
for the semi-micromethod 

Pro«dur« 

An Ostwald pipet with a 0.2 ml marie below the stopcock is used to 
deliver 0.2 ml of blood The pipet » filled first with approximately 
1 ml of Hg by a mercury pump then with 0.2 ml of blood to the 
mark. The stopcock of the pipet is closed. If no mercury pump is 
available the blood gas apparatus can be used as follows The pipet 
IS connected with rubber tubmg to the glass tube above stopcock (a) 
and with stopcock (b) closed the levelmg bulb is lowered, drawing 
mercury from a reservoir mto the pipet. 

After the potassium femc-cyamde4actic acid rea^t has been freed 
from air m the apparatus and has ogam baen brought into the fiUmg 
fimnd the blood is allowed to flow slondy mto the chamber, and the 
pipot is waahed with mercury The femcyanide reagent is let m to 
the 2 mark. After mixmg the blood gases are liberated by ahakmg 
for three minutes and the pressure ts read at a volume of 0.5 ml (pi) 
Adjustment of the liquid ts done as described for the macro-analysis 
CX), IS absorbed by 0 1 mL of 5 N NaOFI (plus additional NaOH to 
account for the volume of the stopcock bore) or 0.5 mL of N/1 NaOH 
(gas-free) and the pressure (pt) IS determined- For the absorption of 
ax>gen 0.5 ml of hyposulfite solution » used and the pressure (pj) ts 
read from the manometer As desenbed m the semi-nucromethod 
the oxygen dctormlnation by absorption with hyposulfite or pyrogallol 
mnj be omitted and the Oi can bo calculated by subtraction of the 
Nj constant (1.2 vol per cent) from the gas residue 
Calcnlalion From the three figures correspondmg to pi pj p 3 the 
values for COj Oj CO and Nt are calculated as described for the semi 
microtnothod Blank runs must be earned out with the suitable 
reagents to obtam the constants c 
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Example of a microanolyios COt Oi, CO and Ni 


Temperatoro 21 C 


r 

a — 0 5 ml 


pi 

3S0 I 

Ccoj " IJl mm. 

pj 

228 6 

Co, — 1,9 mm. 

pi 

181 0 


p* 

ItW 2 


cent COi •> 

(pi - Pi - Cco,) X F 

- 380 1 - 228 6 - 15) 


X F «= (161^ - 1^) X F - 160 X 0^200 - 48 00 
vol per cent Oi — (pi — pi — Co,) X F — (228 0 — 184 9 — 1^) X 
F « (43 7 - U) X F = 41^ X F = 41^ X 0^ - 12,79 
vol per cent CO + Ni*=(pi — pi)XF>= (184,9 — 154,2) X F 
-= 20 7 X 0,300 - 0,384 
\ol per cent CO = 0Ji34 - 1,2 - 6 134 

SSMimcnO-ilETHOD FOR TITB DErTEIUnNATION OF THX XOTAL 

Oxygen CAP^crn^ ^ 

In the chamber of the van Slyko monomotno apparatus a part d 
the blood sample prepared os described abo\o is saturated with ovy 
gen from the air and the avygen thus obsorbed is detcrtnmed A large 
correction has to bo appbed m this method for the phjTUcally daolved 
oxygen This correction factor can be calculated from the tempera 
ture and the barotnetno pressure 

Reagenis 

(1) 0 9 per cent sodium chlonde solution 

(2) Potassium femcyanide-saponm reagent 32 Gm of potassiim 
femeyamde and 8 Gm of saponm ore diasoU ed m water and dflated 
to 100 ml in a volumetnc flask 

(3) 5 N NaOH or N/1 IvaOH (seeabove) 

(4) Air-free sodium hyposulflte solution (Preparation seep 40) 
Procedure 

The chamber of the van Slyke apparatus is washed repieatedh with 
distilled water to remove onj traces of acid or a lkal i (test with litmus 
paper) nnsed with 0 9 per cent NaCl solution and filled comp^ ) 
with mercury Then 3 ml of 0 9 per cent NaCl solution is placed 
the cup of the apparatus, the upper stopcock is opened and about 
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ml of NaCl solution is let mto the chamber usmg low vacuum As 
dcacribed above 1 mL of blood is transferred to the chamber with an 
Ostwald pipet and the cup is washed with enough NaCl aolution to 
reach the 3^ mark The excess NaCl eolubon is removed by suction 
uith a water pump The mercuiy is lou-ored In the chamber to the 
60 ml mnrk^ its upper stopcock opened to the oir and the chamber ts 
shaken for approximately three minutes to saturate the hemoglobin 
quantitatively with oxygem After the shaking a few drops of octyl 
alcohol (or caprylic alcohol) are added to the contents of the chamber 
to remove air bubbles from the glass ivalls end to settle the foam. 
By taismg the levelmg bulb the liquid level is brought to the height of 
the stopcock capillary to expel all air from the chamber During this 
process no blood must enter the stopcock capillary, sinoe the octyl 
alcohol, floating on the surface of the blood prevents the blood from 
leavmg the chamber Then 0 13 ml of feme cyanide solution (plus 
excess femeyamde to account for the stopcock bore) is mtroduced 
Into the apparatus. The volume of the bore is usually marked by an 
arrow on the filling funnel. After the stopcock has been closed and 
sealed with mercury the chamber is evacuated by lou'enng the mar 
cury to the 60 mb maik and the chamber ls shakon under vacuum for 
three mmutoa. After the addition of 1 ml of N/1 NaOH the COt 
is absorbed and after adjustment to the mark 2 the pressure pi is 
read Then 1 ml of the au free alkaline byposulhte reagent is added 
to the chamber as desenbed above, the chamber carefully shaken by 
hand the lov’el adjusted to the 2 mark and the pressure pj Is read 

Cakiilnlion 

Volume per cent 0|— (pi — pj — OXF 
Pi — pressure of the bberatod gases after obsorption of COi by NaOH 
Pi — preesuro after absorption of Oj by hyposulfite, 

F — factor read from table 4 

C “ constant, mcludmg the following four components 

Cl — amoimt of oxygen dissolved in 2.5 ml of OJ} per cent NaCl 
Cl — amount of oxjgen ph^-rically dissolved m 1 ml of blood 
Cl — traces of oxjgen contamed m 0 13 ml of saponm-ferric 
c^’ornde solution 

Cl — correction for the drop ra the manometer after addition of 
1 mh of hyposulfite 
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The first two factors (Oi content of the NaCl solution and the oxygen 
disso) ved m the blood) can be calculated from the nomogram (fig 16a) 
A strai^t Ime cotmectmg the points for the barometnc pressure and 
the temperature cuts the central scale at a pomt mdicatmg the value 
of correction (ci + cj) Components 3 and 4 ore determined m a 



Fio 16 Nomogram* for the caIeul*taoa of total oxygen capadty (J 
Sendry Jr ) a. For aemimJcrorooUiod b For micrometbod 


blank anolj'Bis as follows 3^ ml of Nad solution are rendered gas- 
free m the opparatus. The liberated gas is expelled and to this gas- 
free solution is added 0 13 ml of femcyanide solution (as described 
above) It la agam evacuated and the liberated Oj absorbed with 
1 ml of sodium hj’posulfite The pressure drop in the manometer 
corresponds to the oxygen content of the potassium femcyanide 
solution as well as to the correction for the sodmm hjiiosulfite sola 
tion This drop of pressure is added each time to the factor read from 
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the nomogram (sum of cj and ci) The value usually vanas between 
2^ and 4 mm. This factor is constant for the same apparatus and the 
same fomcyanide solution 
Example 

a = 2 mb Pi — 291 mm (after absorption with NaOH) 

Temperature 22®C. pi *■ 176 mm (after absorption with hypo- 
sulfite) 

C“Ci-t-ci-i-Cj + C4 

Cl and Cj read from nomogram mm. 

Cj and c* 2.5 mm 

37 7 mm 

Volume per cent oxygen — (pi— pi — C)XF — (291 — 176 — 
37 7) X F = 78.3 X 0.2432 =• 1901% 

Ihe total capacity lc. the amount of oxygen bound chemically by 
100 mb blood ot maximal oxygen saturation » 19 04 mb 

MiCHovrrnoD roa the DETEBioXATiov or Total 
Octoen Capaott 

Reagenie see under Semi^icromothod, p 64 
Procedure 

One ml of 0 9 per cent NaCI solution is placed m the filling cup and 
0.2 mb of blood is introduced into the chamber The pipet is washed 
with Nad solution which Is added to the chamber The cylmdor is 
washed with small amounts of NaCl until the mercury meniscus has 
reached the 2 mb mark. The excess of salt solution is remoyed by 
suction with the stopcock open to the air The mercury is lowered to 
the 50 mb marie and the blood-salt solution mixture is saturated with 
air by shaking for three mmutes. Then the oxygen is determined os 
described above. The blood gases are bberated by the addition U 
0 07 ml of feme cyamdeHSaponin solution (plus the volume of the 
stopcock bore) the COj is absorbed with 0 1 ml of sodium hydroxide, 
and the oxygen with 0.5 ml of sodium hypoeulfite. The correction 
factor le determmed as described for the analysis with 1 ml but now 
the values must bo token from (he nomogram (fig 16b) Iho calcu 
latwn IS done accordmg to the formula 
(pi — Pj — C)XF«% oxygen F is found in table 4 
Example see under f) 
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DeTEBIONATION or HEDfOOLOBIN Airo CAUBRATlCrS or THE 
HjaaOMETER Accohdino to Sahli 
The total oxygen capacity la directly proportional to the hemoglobin 
content At 0®C and 700 mm Hg one gram of hemoglobm combincB 
with l^G mb of oxygen • In the absence of carbon monoxide the 
hemoglobm content of the blood sample can be calculated by dmdmg 
the total oxygen capacity by 130 
This method is very exact, but smee the procedure is rather time 
consummg it can not be used at the bedside. Therefore, the hemo- 
globm content is determined colonmetncally by a rapid and simple 
method accordmg to Sahli m a homometer 0 02 ml of blood is 
CQn\erted mto acid hematm with N/10 HCl and this solution is 
diluted with water until the same color is obtained as m a standa r d 
hematm solution The standard solution must be checked frequently 
unless Sahli a original hemometer is used. 

Procedure 

The hemoglobm is determined simultaneously according to Sahh 
and by detenmnmg the total oxygen capacity If the sample b weD 
standardized, one division of the hemometer scale corresponds to 

OlOgm of hemoglobm Otherwise a correction factor must be used. 

Example The sample shows a total oxygen capacity of 19 09 voL 
per cent. From thiw value the hemoglobm content is calculated 

— 14 47 percent Hranometcr value (Sahh) •=> 05 From this 

value would result a hamc^obm content of 95 X 0 100 = 1530 
per cent The figure read from the hemometer a too high and wiD 

14 47 

give the correct value only by multiphcation with the factor “ 
0 96 Until the next calibration all the values rood on the hemometer 
have to be multiplied by 0 95 

Deteuxiination ov Heuoqixidin and Oxtheuoolobin 
The frllowmg example showB the calculation of the oxyhemoglobin 
and the reduced hemoglobm 

Total capacity 19 69 per cent 

Ot eoDtent of the blood taLon anaorobiceliy 
tmder min eral oil 10 35 per cont 

0 3-1 per coot 

The diflcrcnce corrc^xmdi to the non-roduced hcmoglobhu 
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If 100 la the value for the total capacity (maximura eaturatlon), the 
oxyhemoglobm content of the blood is calculated as foUona 


19 09 
10 ^ “ 
1034 X 100 
19 00 


m 

X 

■ 62^1 percent 


the reduced hemoglobin content is calculated as follows 

100 — y (y — oxygen content of oxyhemoglobm) «■ 100 — 
62^ " 47 49 per cent 

In a normal person the total oxygen capacity of the blood averages 
20 ml for each 100 ml of blood ue 20 vol per cent Oj Higher 
value* for the total oxygen capacity (up to 30 volume per cent or 
more) may be encountered during an increase m red colls (true poly 
cythemia, or symptomatic polycythemia caused by decreased oxygen 
content of the atmospheno air) In anemic patients with a decrease 
m red cells and a towered hemoglobin the blood Is mcapable of binding 
much oxygen and the total ox y g en capacity of the blood may drop to 
10 volumes per cent or less. This is also the case b states of blood 
dilution luch as occur m nephntis with hydremia. 

In a normal person the circulatmg bemoglobm is satumted with 
oxygen m the lungs, so that b the arterial blood about 95 por cent of 
the amotmt of bemoglobb corresponding to the total capacity is 
saturated iMth oxygen Ihe arterial oxygen saturation can bo 
lowered by physical labor and drop below the normal range i e 
92 per cent or leas. In nervous persons with accelerated superficial 
respiration a lack of oxygen m the artenal blood has been observed, 
correspondmg to a saturation of 90 — 80 per cent and less. In these 
persons no change of air occurs b the deeper respiratory passages 
the partial oxygen pressure b the alveolar air ts decreased and the 
hemogiobta is mcomplctely saturated with oxygen. 

In pathologic lung changes, such as emphysema, some cases of 
pneumonia, extensive damage from tuberculosis the oxygon satura 
tion of the blood may drop cons»denibl> bdow the normal le\*el. 
The same is fotmd m some decompensated heart diseases; carbon 
monoxide poisonbg and phosgene polsoamg are some of the toxic 
states that lead to decreased arterial oxygen saturation. 

In moderate cases of phosgene polsonmg the bek of oxygen will not 
be severe dunng rest, but fa considcrnblo during physical work. 
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The artenal blood loses only part of its oxygen by passing throogh 
the tissues. The oxjgen saturation of venous blood vanes mdiflerent 
parte of the circulatory system and in tho antocubitol vem of a normal 
resting person it Is between 60 and 70 volumes per cent In patients 
with cyanotic heart diseases with circulatory disturbances the per 
centago of saturation in tho venous blood drops to 60 volume per cent 
or less. 


Determination o? the Oxygen Metabolism or Ued 
Blood Cells*® 

In contrast to young red cells without nuclei, which possess vay 
active gas metabolism, tho normal older erythrocytes without nuclei 
have only a very small metabolic rate This process can easily be 
demonstrated and measured quontitativolv 


PnxtduTt 

Sterile venous blood is defibrmatod by shaJang with glass beads m a 
stenlo flask for fifteen minutes and at the same tune satumted with 
o xy gen In one port of the sample the oxygon content is deter 
mmed according to one of tho methods desenbod above (semi micro 
or micro method) The romidoder of tho eamplo is transferred under 
mmoral oil mto a test tube, the tube is stoppered and left m an meu* 
bator at 37®C for five hours. Durmg this time tho red cells wiD 
settle down and the sample must bo well mixed mth a glass rod before 
analysis. Caro must be taken to avoid all contact with oir The 
oxygon content of this somplo is then determined The difference 
betvNCcn the oxygen content of tho last and tho first sample corre- 
sponds to the oxygen motaboham of the erythrocytes. 


Bv:m-ple 

Oi content of the defibnnated blood (dotennmed immediately) 
O, content of the defibnnated blood after incubation 


5.8 ml 

1.8 mb 


difference * 4 mh 


00 per cent 




In this caao the oxygen metabolism amoimts to 00 per cent 
hve hours) 

The lo*B of oxygm in the blood of normal adult poTBons is up 
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4 per cent, m anemia with active rejmerative processes losses up to 
70 per cent may be found This method is advantageous because it 
provides a quantitative measurement of the regeneration and rt mdi 
cates any regenerative procoes even m caaee where it can not be 
demonstrated histologically The results are only valid under 
stnctlj sterilo conditions. Iho respiration of bacteria, tissue cul 
tures and livmg ccllfl can also be determmed by this method “ 

DBnmaNATioN ov the pH in SsmuM and Pl^bua 
Principle o/ the method If the COj tension of a miTturo of sodium 
bicarbonate and COj (like that occUmng m plasma or serum) alters, 
the amount of free COj changes at the cost of combmed CDi It is 
either mcreased or deotjosed. This is connected with a fluctuation 
of pH 

According to Hassdbach^ the pH can be calculated from the ratio 
of free to combmed COi as follows 

pH-p. + logJ + Iog|^^^i^ (equat«,nl) 

k B dissociation constant of HtCOi 
p — its negative loganthm 

2 " degree of dissociation of bicarbonate Smee 2 varies between 
0 and 0 1 it may be neglected entirely and according to Sendroy and 
van 81yke“ Pi + 2 = pu the value 6 10 is used 

pH - OlO + log (equation 2) 

H,CO. (free Mid) - ^ - 0007P 

p - partial preasore of CX)j 

a — absorption coefficient of CO* at 38*C (In scrum this corre- 
sponda to a ■■ 0.510 )“ Sface the combmed COi(BHCOi) “ total 
COj in volume per cent — free CO| in volume per cent the final 
equation results 

pH - aiO + log percent COi -0 037 XP 
0 037 X p 


(equation 3) 
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Deiertmnalwn of the pH tn Vencut Plama (Serum) 
Reagenit 

(1) 08 an anticoagulant a mbcturc of 1 port of anuncmram oi 
eodium fluoride (exactly neutral) and 3 parta of potaasium or lithiom 
oxalate (neutral) la used 

(2) Laquid pamfiin 

(3) N/10 lactic acid, goa-freo. Six ml of N/10 lactic acid plot a 
few drops of octyl or capryho alcohol arc mtroduced into the gai 
chamber of tlie \an Slyko apparatus and the absorbed gases are 
bbomted by shaking in vacuo for three minutes. The gases are 
ejected from the chamber and the procedure is repeated until the 
manometer rcodlngB arc consionl (no more gas is libcmied) 

Prf>ct(iuTt 

Blood 18 taken from a nonloumiquelod \ ein under stncUy anaerobic 
conditions wth a dry or parofBnat^ syringe and tnmaferred under oil 
to a test tube containmg a trmx of tht» anticoagulant reagent The 
plasma is rapidly separated from the cells nnd kept under oil for the 
determination which should be porforaiod soon nfier tin plasms has 

been beparated. Thit* analyees arc earned out on this i^ple 

( 1 ) In one part of the sample the total amount of CXh is detonumed 
according to tho somimicro- or roicro-mctliod (see pp 36 43) The 
lactic acid used must bo freed from gas and kept In the cylinder of the 
apparatus. Tlie COj is absorbed with N/1 NaOH or 5 N NaOH 
(gas^ree) (see p 45) 

(2) A second port of tho sample is Baturatod mlb CO 2 nt 30 mm. 
Hg and 38“C 

(3) The tlilrd part of tho sample is saturated with COj at 00 mm. 
Hg and 38*C 

For the saturation of tho scrum with COj of a deahod tension the 
apparatus as shown in fig 10 is used* 2.5 ml or 0 6 ml of 
mtroduced into a flask (saturator) of 100 times its volume 
flask la closed aith a 2-holo rubber stopper A capillary 
through one hole down to the bottom of Uie flask At the frM 
this capillary is closed wnth rubber tubmg and a pinch clamp There 
is a short capillary m the second hole It is oonnocted to ft vacuum 

•S«*lioD D Tan Siyke and eo^rken J Blot Cbem #4 121 1®®* 
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pump Between the capOlary and the pump ore connected a mer 
cury manometer and a glasa tube with aidearm which can be cloeed 
with a Btopicock or a clamp The diameter of the manometer tube 
ehould be 4 mcL and the diameter of the mercury reservoir should be 
10 tunes greater Smce the croes section of the reservoir la 100 times 
larger than that of the manometer a rise of 1 mm m the tube corre- 
sponds to a fall of 0 01 mm m the reservoir In order to calculate 
the pressure change in the entire 83 rstcm, the pressure found must be 



mnltiphcd by 101 When the dewed vacuum Is reached the pump Is 
•Hitched off and it Is waited for some time before proceedmg with the 
analysis m order to note any variations m pressure due to leakage in 
the systeicL When the pressure remains constant a COj developing 
Kipp-apparatus Is connected with the sldeann the stopcock is opened 
eXh IB introduced until the pressure has equlUbrated and the clamp 
of the saturator is closetL Now the saturator la disconnected from 
the manometer and bhakon for fifteen mrautes to saturate the plasma 
with the COr-air mixture- All this is performed at 38°C Toremoie 
the sample from the saturator (still at 38 C ) the pipet is connected 
to the tubing which a attached to the long capfllaiy After openmg 
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of the pinch clamp the pipet fills up automaticallj ofl a result of & 
higher prcssuro m the flask caused bj higher temperature (38®) 

The CX;)i tension of tlio plasma ^Tinned to 38®C is calculated aa 
follows 


101 X Pi X - 


■ 101 X Pi X ; 


Pir *=• CX)i tension m tho saturator 

pt = COa tension at room temperature read from tho manometer 
(lAnthout correction) 
t = room temperature 

101 “ above mentioned mercury correction factor for the fall m pres- 
sure on tho manometer 

The analj’Bia m this sample is earned out m the same manner as m 
plasma. Gas-free lactic acid is used 
The pH can be calculated from theCOj tension and from the COj 
determined m the plasma according to equation 3 
Example vol per cent COi m plasma calculated from 
Pi B 35o 4 sample = 1 ml 

pj = 178 8 = 3.5 mL 

Ccoj =14 a = 2 ml 

f =• 0 2055 t = 20"C 

1) vol per cent COi •= (pi — p> — coo,) X f = 355 4 — 178 — H) X 

f = 170 X 0J2855 = 40 73 

2) Iho sample has been saturated nt 38®C iMth COi which has been 
mtroduced at a temperaturo of 20®C under a pressure of 28 mm Hg 

PiB =28X^-30nim CO, 

Vi ooj = 45 vol per cent (X)* (calculation COj = (pi — ps Coo)) ^ ^ 

3) S^ple shaken at 38® with COj which has been mtroduced at a 
temperature of 20®C under a pressure of 60 mrcL Hg 

p,.-- 66 1^-00 mm CO, 

Vj oo, ■= 54 vol per cent (calculation see above) 

The above obtamed \ aluee for COj In vol per cent at 30 mm- Hg 
and 60 mm Hg tension are mariced on the logonthmic chart of Peters 
(fig 17) Tho 2 pomts ore connected with a straight Ime and the 
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COi value in vol per cent for plasma is marked on this Ime. The pH 
M found b> dmwmg a Ime parallel to the existmg lines on the chart 
throu^ the above determined COi points. The corresponding COj 



Fia 17 LopiHthmie ehort far tbo calcuiatioa of pH In torum (pLuma) 
(Pclen ) 


tension in mm Ilg can bo read on the ordinate. In our sample tho 
pH according to the figures is 7.33 If greater accuracy u desired 
tho pU con bo determined according to Ilassclbach s formula from tho 
COj m plasma and from tho pressure of 40 mm read from tho loga 
nthmic chart according to equation 3 

Pll - 0.10 + log v°L%_Ca ^ 0l ^ p 
^ ^ 0.037 p 
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0 10 + log 
0 10 + log 


40,73 - 0 07 X 40 
0 017 X 40 
40 73 - 2 OS 
208 


- I I 44 05 

0.10 + log 25^ 

010 + log 1043 
010 + 1,2160 - 7,3150 


Delcrminaitan oj Ike pH in Artenal Phuma 
When artenal blood (eenim or plasma) ia used for the analysis, the 
procedure is much simpler os only the total COi of the plasma, dmmi 
under the above desenbed procautlona has to be determined, the 
Pcoi IS assumed to be constant (40 mm Hg) Tho CO> content is 
determined by analysis and the pH can bo rrod off directly from the 
van SIvke nomogram^ (6g 18) The point for the (XH content which 
is found on the left Ime of the nomograin ts connected by a straight 
line mth the constant CX)i U^ision (40 mm Hg) (ngbt hne) and at the 
pomt of Intersection of tho line mth tho center lino the pH can be 
read This value is called the reduced pH 


Example 

In tho artenal plasma the detenninod volume per cent of combmed 
and free COi ore 50J5 volume per cent From the nomogram reading 
tho tension of 40 mm corresponds to a pH of 7 40 
The pH may also be calculated according to the Haaselbiich 
formula (equation 3 See p 73) 


pH “ 0 10 + log 


0 10 + log 
0 10 + log 
0 10 + log 


voL%CO,- 0007p 
0 037 p 

60.5 ~ 40 X 0007 
40 X 0 007 

60.6 - 2.08 


208 
.53,82 
208 

010 + log 20 03 
010 + IJJO - 74 
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Only Bcmm or plasms can be used m this method In whole blood 
the hj-drogen ion concentration and the COi combining power are 
dependent upon the oxj'gen saturation of the hemoglobm the oxy 
hemoglobm acts as a weak acid Therefore the pH of the whole blood 
cannot be determmed by these methods 
The pH is normally kept constant by the entire organism It is 
maintained by the process of vcntflation (decreased or increased 
exhalation of COi bj the lung) and by the neutralising action of 
basw metabolism products (NHj) and excretion throu^ the mtestl 
nal tract and the kJdneys (partly also m perspiration) 

The pH of the arterial plasma of a normal restmg person is between 
738 and 7 40 During voluntary hypen'entilntion and subsequent 
loss of CX)j the alkalinity of the blood can nso and produce a pH of 
7 40 Considerable acidoats occurs m precomatose stages and during 
diabetic coma (failure of regulation) In these cases pH values of 
73 and less can bo encountered Low pH values are also found m 
kidiiey diseases especially m uremio patients Vanous heart dis- 
etses will give low pH values, even during rest 
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010 + log 


0 10 + log 


40 73 - 0 07 X 40 
0 0 i7 X 40 
40 73 - 2 03 
203 


0.10 + log 


44M 
2 03 


010 + log 10 43 
010 + 1.2150 - 7.3150 


Dtlcrminalion of the pH in AHmal Plasma 
When arterial blood (scrum or plasma) Is used for the analysis, the 
procedure is much sunplcr as only Uic total COt of the plasma, drawn 
under tlio abo\o described procautions has to bo doterramed, the 
Pcoi « assumed to bo constant (40 mm Hg) The (X)j content U 
determined by analysis and the pH can bo read off directly from the 
van 81vkenomogram“ (fig 18) The point for the COi content which 
is found on the loft line of the nomognun a connected by a strai^t 
lino with the constant CXDt tmaion (40 mm Hg) (right line) and at the 
pomt of mtersoction of the Ime with tho center line the pH can be 
read This value Is callod tho reduced pH 


Example 

In tho artcnal plasma the dotormincd volume per cent of combined 
and free CX)i arc 60.5 volume per cent From the nomogram reading 
the tension of 40 mra corresponds to a pH of 7 40 
The pH may also bo calculated according to the Hasselhach 
formula (equation 3 See p 73) 


pH - 0 10 + log % c:o» ~ p 


0 10 + log 
0.10 -f* log 


0 0T7 p 
60.6 - 40 X 0007 
40 X 0.007 
6Ch - 2.08 


208 

aio + log®?^ 
^208 
010 + log 20 03 
010 + IJO - 74 
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Only aerum or plaanm can be used m this method In whole blood 
the hydrogen ion concentration and the COj combining power are 
dependent upon the oxygen saturation of the hemoglobin, the oxy 
hemo^obm acta as a weak add Thereforo the pH of the whole blood 
cannot be determined by these methods 
The pH IS normally kept conatant by the entire organism It is 
mamtamed by the process of ventilation (decreased or mcreised 
exhalation of COi by the lung) and by the neutralumg action of 
basic metabolism products (NHj) and excretion throu^ the mtesti 
nal tract and the kidneys (partly also m perspiration) 

The pH of the arterial plasma of a normal restmg person is between 
7^ and 7 40 During voluntary hyperv-entiJation and subsequent 
loss of CX)j the alkalinity of the blood can nse and produce a pH of 
7 40 Conaidorable oddoeia occura m precomntoeo stages and durmg 
diabetic coma (failure of regulation) In those cases pH values of 
7.2 and less can be encountered Low pH values are also found m 
kidnoy diBcaaes especially m ureanlc patients. Various heart dis- 
eases will give low pH values, oven during rest 
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Chapter III 

Determination of the Anions 

DETEKiriNATIOV OP TOB CULOIUDES* 

Principle of the method A known amount of a reagent conaistmg of 
a solution of sUvtsr nitrate, cone nitmto and feme ammonium sulfate 
m nitnc acid added to blood (scrum) destroys its proteins and simol 
taneouflly precipitates the chlondcs os AgCl The excess of AgNOj 
IS titrated auth potassium thiocyanate solution, the fomo ammonium 
sulfate serving os mdicator 

Equation 

Cl' + AgNO, - AgCl + no; 

AgNO, + KGN8 = AgCNS -f KNOj 

ReoffenU 

(1) Silver-cenum reagent Into a 100 ml volumotnc flask are 
plac^ 10 ml of a N/10 AgNOj solution, 20 Gm- of pulvcnicd ceno 
ammcmium nitrate, 40 ml of concentrated HNOj and 16 ml of a coW 
saturated feme ammonium sulfate solution After the cenum salt 
has boon dissolved, the flask is mode up to the mark with water 

(2) Approximately 00 per cent glucose solution or a 60 per cent 
aqueous solution of glycerin (no mold formation) 

(3) N/lOO potassium thiocyonato solution prepared from N/lO 
thiocyanate solution 

Preparation of the N/10 AffNO$9olution 10 987 Gm of chemically 
pure silver nitrate are dissolved m halogen free dilute mtric acid end 
mado up to 1 liter An altemsto way for the preparation of N/10 
AgNOj is to dissolve 10 788 Gm pure motallio silver m halogen free 
mtnc acid After the metal Hrm dissolved the mtrous acid must be 
destroyed by boilmg The solution is made up to 1 liter with water 
and must bo kept in a dark bottlo protected from light. 

Preparation of the N/lO potassium thiocyanate solution Since 
KCN8 IS hygroscopic the exact solution cannot be made up by weigh 
ing of the salt Eleven Gm. of potassium thiocyanate (eomowhaV 
more than the theoretical amount) and 10 ml of 40% formahn 
88 
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are dissolved In 1000 ml of water (the formalin keeps the KCNS 
from being decomposed no ammonium thiocyanate must be used 
here) To 10 ml of the N/10 AgNOj solution prepared as described 
above) a few drops of feme ammomum sulfate are added and ti 
trated with thiocyanate to a pale onmge If 10 ml of silver mtrate 
sohition use up 9,86 mb of KCNS till the appearance of the orange 
color 98,5 ml of this KCNS solution and 10 ml of formalin must 
be made up to 1 liter to obtain a N/lOO thioojanate solution 

PTOC^MTt 

Hogedom^Jensen tubes (see blood sugar determination) 30 mm 
diam 100 mm height) ore filled with approximately 1 ml of distilled 
water and 0 1 ml of blood (senim or spinal fluid) is added carefully 
from an exactly caUTirated pipet The pipet is nntei several times 
by Rickmg the nuxturo back and forth Two ml of the AgNOr 
cenum reagent (1) is added, the tubes or© placed mto a cold water 
bath and slowly heated to boilmg They are left m the boiling water 
bath for 5-10 mmutca (if no c<mum salt is available, it is omitted 
m the reagent (1) and 0,5 ml of a saturated potassium permanganate 
solution 18 substituted The rest of the procure boiling reducing 
9 the same) After the addition of Oil ml of glucose solution (2) 
or glycerm solution the excess cenc ammonium nitrate (or ICMnOi) 
IS destroyed by heating the tubes m a hot water bath (w^th the flame 
removed) for 2 mmutes The aoluUon is allowed to cool to room 
temperature and is titrated with potassium thiocyanate from a 
micrcburettc till the appearance of an orange color 

For the blank dotenmnation 2 ml of solution (1) is used and 
treated like the sample. 

Calcidaiton 

Amount of potassium thiocyanate used up bj the blank mmus 
amount of potassium thiocjTinate used up by the sample multiplied 
bj 5S6 gives the chlondo content expressed os NaCl m mg per 
cent multiplied bj 355 gi\C8 the chlondo content expressed as Cl In 
ttig per cent 

Wth this method n great number of dotcrrmnations ma> bo carried 
out at the same time 



Qiapter ELI 

Determination of the Anions 

Determination or the Chlorides* 

Principle of the method A known amount of a reagent consisting of 
a solution of silver nitrate cenc nitrate and feme ammonium sulfate 
m nitnc acid added to blood (serum) destroys its proteins and simul 
taneouflly precipitates the chlorides as AgCl The excess of AghOj 
18 titrated with potassium thiocyanate solution, the feme nminnnmni 
sulfate semng as indicator 

Egucdion 

a' + A«NO, ■= AgCI + NO,' 

A«NO, + KCNS - AgCNS + KNO, 

Peagents 

(1) Sn\er-c«num reagent Into a 100 ml volumetnc flask are 
placed 10 ml of a N/10AgNOi solution 20 Gm of pulvemed etne 
ammonium nitrate 40 ml of concentrated HKOj and 15 ml of a coW 
saturated feme ammonium sulfate solution After the cenum salt 
has been dissolved the flask is made up to the mark with water 

(2) Approximately 00 per cent glucose solution or a 60 per cent 
aqueous solution of glycerm (no mold formation) 

(3) N/lOO potassium thiocyanate solution prepared from N/10 
thiocyanate solution 

Prcparalion of the N/10 AgNOt eolxilwn 16 987 Gm of chemicaDj 
pure silver nitrate ore dissolved m halogen free dilute mtno acid and 
made up to 1 hter An alternate way for the preparation of N/10 
AgNOi IS to dissolve 10 788 Gm pure metallic silver in halogen-free 
nitnc acid After the motal hmt dissolved tho nitrous acid must be 
destroyed by boilmg The solution is made up to 1 liter with water 
and must be kept m a dark bottle protected from light 

Preparation of the N/10 potaasram thiocyanate solution 
KCNS IS hygroscopic the exact solution cannot bo made up by weigh- 
mg of tho salt Kleven Gm of potassium thiocyanate (somewlwt 
more than the theoretical amount) and 10 mL of 40% forroaha 
m 
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are dissolved m 1000 ml of water (the formalin keeps the IvCNS 
from bemg decomposed, no ammonium thiocjTinate must be used 
here) To 10 ml of the N/10 AgNOj solution (prepared as described 
above) a few drops of feme ammomum sulfate are added and ti 
trated with thiocyanate to a pale orange. If 10 ml of siKer mtrato 
solution use up 9.86 ml of KCNS till the appearance of the orange 
color 98.6 mL of this KCNS solution and 10 ml of formalin must 
be made up to 1 hter to obtam a N/lOO thiocyanate solution 

Procedure 

Hagedom-Jensen tubes (see blood sugar determination), 30 mm 
diam 100 mm height) ore filled with approximately 1 ml of distilled 
water and 0 1 ml of blood (serum or spmal fluid) is added carefully 
from an exactly cahhrated plpet Tho pipot is rfnsod smeral times 
by sucking the murture bock and forth Two ml of the AgNOr 
cenum reagent (1) is added the tubes are placed mto a cold water 
bath and slowly heated to boDing They are left m the boiling water 
bath for &-10 mmutes (if no cenum salt is availabla, it is omitted 
m tho reagent (1) and 0.6 ml of a saturated potassium permanganate 
solution IS substituted Tho rest of the procedure boding reduemg 
a the same) After the addition of 0.5 ml of glucose solution (2) 
or ^ycerm solution the excess ccnc ammonium mtrate (or KMnO<) 
IS destroyed by heatmg the tubes m a hot water bath (with the flame 
ronoved) for 2 mmutes. The solution is alloivcd to cool to room 
temperature and is titrated with potassium thiocyanate from a 
nucroburette till the appearance of on orange color 

For the blank determination 2 ml of solution (I) is used and 
treated like tho sample. 

Calculation 

Amount of potassium thiocyanate used up bj the blank minus 
amount of potassium thioc^’annte used up bj tho sample multiplied 
Ijy 6S5 gives the chlonde content expressed as NaCl m mg per 
rent multipbed bj 365 gives tho chlondo content expressed oS Cl in 
“S per cent 

IMth this method a great number of determinations maj bo earned 
out at tho same time. 
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Examjih 

KCNB tu«d bj the bliAk 1 90 ml 

KCKS tued by the eunplo 1 01 ml 

difference o 08 ml 

The sodium oUonda content o( the sample la 0 98 X 685 •= 573S 
mg per cent calculated oa NaCl, or 355 X 0 98 - 547 GO mg per 
cent calculated as G (see table 5) 

The normal sodium chloride content of serum is 670-025 mg, per 
cent, that of whole blood is 4o0-6l0 mg per cent The blood sample 
for the detennmation must bo taken without tourniquet smco mcor 
rect values are obtamed ^dlen chloride ions migrate from the serum 
mto the red cell a. 

A nse of chlondea m serum occurs during anemia, m nephntis, 
essential hypertensian, cardiao decompensation, unne rstentioQ 
hyper?eaUlatioQ and dunog excessive intake of NaG 
Low chlondo values are ^countered in excessive vomitmg ne* 
phnta and unnaiy retention accompanied by vomiting and diarrhea, 
m cases of edema, sublimate poisoning, diabetes melhtus infectious 
diseases, emphysema, Addison's disease In different cases of dia 
betes insipidus either high or low values are found, depending upon 
the nature of the disease Low values are also found, if over a long 
penod of time the diet is either low m or completely free from chiondefl. 

The NaG content of spinal fluid vanes between 720-760 mg 
per cent (expressed as NaG) in adults and between 050-750 mg i>er 
cent m children It rises m some cases of nephritis and fails m ail 
m wntn git.iH diseases, e^eaally low in tb-meningiUa. The latter is 
a very important diagnostic factor 

Beominb Dbteeuination* 

Bromine Deiermtnaiion Unng the Digeetum Method 
Principle of the method The organic substance is destroyed with 
chromic add-sulfunc acid m a closed system The hberated halo- 
goia, chionne and bromme combine \\ ith NaOH m a receiver The 
bromide and hypobromite are oxidiH*d to bromate inth hypochlono 
acid according to the formula 

Br' -1- 3HOG - BrOS + 3H' + SG' 
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The excess of hypochlonc add la destroyed by sodium formiate 

and the bromate detennmed lodometncally 

Reagtnts 

(1) chromic acid 250 Gm of chromic acid is dissolved m 160 ml 
of redistilled water and a current of air, washed with NaOH, is drawn 
through the solution for 2 hours One ml of this solution contains 
approx- 1 Gm of chromium tnoxydo 

(2) sflver sulfate-sulfunc acid 20 Gm- of silver sulfate is dissolved 
m 1 liter of concentrated suUuno acid m a 2 hter Kjeldahl flask, 
3 ml of chromic acid aolution (1) is added a thermometer is inserted 
and the flask is heated to 120-130* C and aerated as described 
under 1) 

(3) cryetallme bone acid 

(4) sodium chloride, crystallme and a saturated solution of NaCl 
Since even NaCl of the purest grade will contam bromide the solution 
must bo punfiod by saturation with HCl gas- The precipitate a 
filtered o2, washed with a small amount of water, dned wdl and 
pulvenxed Traces of HG can bo negiocted 

(6) hypochlonto solution this solution is used only to check the 
punty of the reagents and is not employed fa the analysis. Seven 
grams of chlorme gas (from a tank or prepared from HG and per 
manganate, not from calcium hypochlorite) is added to a solution of 
12 Gm- of NaOH in 100 mL of water The titer of this solution 
remains unchanged for a penod of 2 months 

(0) N/2 NaOH prepared from purest grade NaOH 

(7) sodium formiate, 10 per cent eoL 

(8) ammonium molybdate 6 per cent sol 

(9) KI cryst 

(10) 2 N HG (approx 7 per cent prepared by dButmg 20 roh of 
cone HG to 100 ml with dist water) 

(11) N/lOO or N/200 sodium thiosulfate solution 

(12) starch solution 0 26 per cent 

Ihe formation of halogen vapors must be stnctly avoided during 
tbe performance of the analysis- All reagents must bo tested for 
bromine smee even the purest material may contain traces of Br 

Apporatw 

The apparatus is shown m figure 19 It comnsts mainly of a 
digestion chamber of 160-170 mL capacity The ground ^aas top 
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COg 

TENSION 

mm 

-10 

-15 

r20 

r25 

i-30 

1-40 

i-50 

r60 

j-70 

No 


16 Nomogrun for tbo ealoulatfon of plT in •enun (pltama) ueordlag 
to van Slyke (aeo p «) 

IS equipped with a dropping funnd (for the introduction of the 
Hunple) which is fused to a glass tube Rj (1^ roL m diameter) with 
side arm Tbo stem of the funnd should reach down to about 6 pm. 
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above the surface of the bquid. In this arrangement each drop of 
sample falls directly to the bottom of the flash and is forced through 



Fio 19 Appantofl for bromioo dotonainatlon according to I^ipert. 

the chromic acid layer Any possflaly present Icxiine is retained 
quantitatively (p 70) which would not be the case if the drops 
of sample would just touch the surface of the liquid Also no 
water vapors can be formed A second glass tube Ht earryuig a 
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fntted ^aaa plate G assures adequate vcntflation ITie chromlo 
chlonde is destroyed m a glass tube K of 9 cm length and equipped 
with a fntted glass plate G On this plate is put a 2 cm deep la 3 *er 
of ^ass beads, moistened with sulfuno acid This vessel Is essential 
and must not be omitted from the apparatus Chromic chlonde 
Is not formed when sohd NaCl is heated with silver chromate-sulfunc 
aod, but ha fonnation cannot be avoided when a NaCl solution is 
allowed to drop into the hot acid mixture with aeration The rate 
of reaction is fastest m the flaA K on account of the dense filter 
In addition the warm current of air tends to concentrate the dilute 
sulfuno acid m the mserted \'e88el and therefore the solubility of 
the bromme is decreased Thus no traces of bromme are left behind 
m the mserted vesseL The receiver V, caiTyrng a fntted glass 
plate G to drsperse the gas hcdds 10 mL in the narrowed part It is 
connected on one side to the digestion flask on the other side to a 
water pump The current of air, which is sucked through the ap- 
paratus passes first through a wash bottle filled with sodium hydroxide 
and 18 then divided by means of a tube mto 2 parts. One part 
leadb through rubber tubmg carrying a pbch clamp to Ri the other 
part m the same manner to Rt The entire apparatus is held in 
place by a clamp attached at Ri above the ground glass piece. The 
glass tubings ipaclmg to and frcm the receiver are supported by rmgs. 
The digestion flunk rests m a beaker filled with mmeral oil up to the 
ground gtam top so that the digestion process remains visible The 
digestion flask, the mserted glass ^^ssel and the glass tube Icadmg 
to the recei\er must be absolutely dry before the anal^'sis. The 
ground ghug top is easily dried by nnaing the inside part with ace- 
tone sucking air through and warmmg it carefully Moisture in 
Hi, R) and the fntted glass plate can be neglected 

Diffufum 

The digestion flnnk is filled with 100 ml of silver sulfate-sulfunc 
acid it IS heated for a few mmutes on the water bath 8-10 ml of 
chromic acid are added and the groimd glass top is moistened vnth 
concentrated HiSOi to assure a tl^t seal Then it is lowered into the 
beaker with mineral oil, ivhieh Hm been pre\ louily heated to lOJ C 
The fntted gliw plate of the mserted vessel receives 0.2 mk — 5-0 
drops of sulfunc acxl diluted 1 3 a 2 cm. deep layer of glass beads 
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IB added, and it iB connected with the digestion flask The receiFer 
IB filled with 10 ml of N/2 NaOH and it ib connected with the pump 
on one aide and mth the apparatus on the other side, Ri and Rj ore 
connected to the wash bottle as described above Both pinch clamps 
ore open A current of air is sucked through the apparatus mth the 
speed of 2 bubbles per second m the wash bottle The air mil take 
the path of least resutance, i e,, through Rj Five ml of blood are 
pipetted mto the funnel and hemolyxed mth water The speed of ad 
dition of the blood is so regulated that the liberated COj can easily 
be removed by the pump mthout nse of pressure m the system 
20 minutes bemg the average tune for the addition of 5 ml of blood 
The funnel is washed once with water, the airflow is reduced and the 
funnel again washed with 5 ml of saturated Bodium chlondc solution, 
diluted 1 10 In this procedure chromic chlonde can be recogmxed 
ofl a yellow hue appearing on the fntted pl^te m the inserted 
glass vessel If during the addition of the NaCl the current of air 
should be too strong, more chromic chlonde is formed, but even m 
cases whore the glfljw beads assume a yellow color no trace of chromic 
chlonde reaches the receiver After the NaCl has been added, aif 
la passed through the apparatus at its onginal speed and the current 
of oir flowing through Ki is aloued down so that the glass plate near 
Rf 18 well \ entilated, whereas at Ri only one large bubble per 3 seconds 
18 visible An aeration time of IJ hour® from the beginning of tiie 
detennmation is sufEcicnt to release all the liberated bromiae The 
oil bath temperature is raised slowly from 103° C to 130* C and is 
mamtamed at 130° C during the last half hour After this tun® 
the inserted vessel and receiver are separated from the digestion flask, 
leaving the pump turned on The inserted vessel is then separated 
and finally the receiver Is disconnected from the pump 

BrtmiM deterrmnalion m ihe absorption liquid 

Smeo relatively large amounts of sodium chlonde ore used, the 
purified salt must be tested carefully Fii'e groins of NaCl are dis 
soil ed m 25 ml of water 0 6 ml of hypochlonte solution and 1 Gm. 
of bone acid ore added and it is heated for ten minutes with •baking 
m a boiling water bath to dissolve the bone acid Then 2 ml 
fonmate solution (7) are added, it is heated for 5 minutes over a 
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flame and after cooling a few crystala of KI starch solution, a drop of 
ammonium molybdate (8) and 6 mL of HCl (10) are added The 
liberated iodine is titrated The appearance of a blue color before 
acidification mdicates mcomplete destruction of the hypochlonte 
and will occur when the original solution was too alkalmo Le when 
not enough bone acid has been used. In such a case the solution is 
titrated with thiosulfate till the color disappears. Now acid is added 
and the titraticm perfonnod aa usual The purified NaCI still 
contains traces of bromine, not more than 2-6 of bromme per 6 Gm, 
of NaCl but smee only 0 6-1 Gm. of NaCl is used for the analysis 
these amounts of bromme fall withm the margm of error of the method. 

No hypochlonte has to be added to the receiver since the chlonde 
content of the sample and of the fuimel washings furnish a large 
excess of hypochlonte. The ondation is performed diroctly in the 
rccen er after the ground gloss part and the glase tubing have been 
nnaed carefuDj One gnun of bone acid and 0,5 Gm. of NaCl are 
added to the solution In the receiver and the flask is placed mto a 
boilnig water bath for ten minutes. Then the contents of the flask 
are transferred into a 60 ml Erlenmeyer flask reduced with the 
formiate solution (7) and treated os dcscnlxai above It is acidified 
with 3 mL of HCl (10) A microburette acxordmg to Bang is used 
for the titration 

Calculalwn 

'Iho bromme m the receiver is ondiicd to bromic and by the 
hypochlonc acid As mentioned aboio the excess hypochlonc acid 
which would mterfere with the iodometnc determmation is reduced 
with sodium formiate ^^•he^cas the bromate is not affected by this 
reagent. 

Equahon 

HBrO, + OHI - HBr + 3H,0 + 01 

shows that one atom of bromme is oqui\*alcnt to 0 atoms of lodme. 
Consequently 1 ml of N/lOO sodium thiosulfate solution corresponds 
to 0 1333 mg of bromine or 1 ml of N/200 sodium thiosulfate cor 
responds to 0 0000 mg of bromine 
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Example 

6 ml of blood after digestion 

2 45 ml N/200 tlJoeulfsto 
reagoat black 0 15 thiosulfate 

dlfforecce 2 SO ml N/200 thiosulfate 

2^ X 0 OOGO — 0 16318 mg This figure represents the bromine 
content of 5 ml of blood Multiplied by 20 the bromine content of 
100 ml of blood is obtained i e , the above sample contains 3 0036 
mg per cent bromine 

The bromme content of blood m normal persons as determraed by 
this method vanes betu-ecn 2^ and 32 mg per cent It rises after 
bromide medication 

Method roR the Deterhixatiov oe BaoiUNE lv 0 1 ml. oi* Blood 

UTTHODT DI3ESno^■* 

Pnnaple of the meihod The general procedure consists of depro- 
teinl&ation of the blood mth rmc sulfate and Bodiuxn hydroxide 
the axidation of the bromide in the filtrate to bromate, and the lodo* 
metnc titration of the bromate. 

Reanenls 

(1) 0 45 per cent rmc sulfate solution 

(2) 0 1 N sodium hydroxide solution 

(3) 2V hydrochlonc acid 

(4) Calcium hypochlorite solution A 16 per cent solution of 
OCI 

Ca IS filtered and the filtrate is dfluted with water 1 3 

\ 

CT 

(6) calcium carbonate 

(0) 20 per cent sodium formiate solution 

(7) 10 per cent potassium iodide solution 

(8) starch solution 

(9) 0 0004 N flodium thiosulfate solution 
Pnxedure 

The 0 1 ml of blood is discharged directly from the pipet in which 
It is drawn into mL of 0 45 per cent imo sulfate solution In a test 
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tube, 0^ ml of 0 1 N sodium hydnxode solution Is then ndded and 
the tube Is shaken, placed In a boiling wmter bath for three mmutes, 
and then coolecL The fluid la next Altered and 6 ml of the filtrate 
are placed Into a second tube 0^ ml of 2N hydrochlonc acid 1 ml 
of calcium hypochlonte solution and a pmch of calcium carbonate 
are added m the order described The carbonate should be slightlj 
in excess, as Indicated by its persistence as a precipitate The tube 
IS then placed In a boUmg water bath for eight mmutes after which 
0 4 ml of 20 pier cent sodium fonniate solution is added and the tube 
is heated for eight minutes more The tube is then removed from 
the bath and cooled- There are added m succession 3 ml of 2\ 
hydrochlonc acid and 1 ml of 10 p>cr cent potassium iodide solution. 
The tube la iihftLfm wnd 0.6 ml of starch solution is added The 
contents ore then titrated with 0 0004 N sodium thiosulfate solution. 

CaleulaUon 

A blank dctennmatlon la made whenever new reagents are pre- 
liarcd, the blank ordinarily ranges between 1 0 and 1 7 ml of thlcK 
sulfate and should bo subtracted from the volume of thiosulfate used 
m the analysis. 

Fji<«h ml of 0 0004 N thiosulfate corraqwnds to 7 0 mg per 100 mL 
of Br or 0.5 mg p>er 100 ml of sodium bromide in the blood bemg 
tooted 


lODDTB DeHXHMINATIOV 

Dciermtnalwn of MinuU Amounts of Iodine in Blood* 
Prinaple of the method. The organic substance is destroyed with 
chromic acid sulfunc acid m the presence of ccnc sulfate as a cata 
IjTjt. lodmo is quantitatively con\-crtod into non volatile iodic ncid 
uhich H then reduced with arsenious oeW and the liberated lodmo is 
distnied m mcuo mto a rocoivmg flask, contammg alkalL It Is agnm 
oxidliod to lodio acid and dotennmed volumotricall} 

Rcajtnls 

Tho reagents must bo of the purest grade and completely free 
from lodino 

(1) sulfunc acid cone. 

(2) chromic acid 2a0 Cm of chronuo odd oro dissolved in 150 mL 
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of rediatiUed water One ml of this solution contams approxnnately 
1 Gm of chromium tnondo. 

(3) cenc sulfate crystals 

(4) araeniouB acid 

(a) arsenic tnonde 

(b) saturated potassitim carbonate solution purified according 
to T’ellenberg (1000 Gm of Kj(X)i are shaken 10 tunes with fresh 
80 per cent ethyl alcohol (1000 ml ) After the first few whRlnngH 
the alcohol can easily be decanted, later it has to bo separated m a 
separatory funncL An 85-^ per cent aqueous potassium carbonate 
solution IS thus obtamed.) 

For the preparation of the amenious acid 20 ml of the potassium 
carbcnate solution are diluted 10 times with water heated to boiling 
and 60 Gm of areomo tnonde ore added with stimng After coolmg 
a small amount of undiasolved arsenic tnoxido is filtered off 

The araeniQiifl acid solution may also be prepared as follows a 
saturated solution of oiBenic tnomde m 20 per cent NaOH (reagent 
5) is made up and after coolmg filtered through glass wool Xreror 
row and Fashena* have used phosphorous aod mirtiwd of orsEnie 
tnonde with good results. The reagent is made up as follows ‘A 
c p grade of phosphorous acid is melted and a minimum amount of 
water added to prevent solidification This was steam-distiUed 
a constant volume being mafntamed until the distillate was free of 
chloride,” 

(6) NaOH 20 per c«it solution prepared from pure NaOH 

(6) sulfurous acid 

(7) aqueous methyl orange solution 

(8) freshly pit^wired aqueous bromme solution 

Pxtnjieahon of the sidjurtc aad If a purification of the sulfuno 
acid should be neceesary a 2000 ml Ivjeldahl flask is filled with 1 
liter of sulfuno acid and 0J5 ml of the chromic acid solution The 
mixture is heated m on oil bath to 120'’ C The excesa chromic acid 
18 reduced by the addition of tracee of arsenic tnoxide and a stream 
of air washed with alkflh ib passed through for 1 hour 
Apparatus For the distillation an apparatus as shown m figure 20 
us used , 

A represents a digestion flask (600 ml Kjeldahl flask with groim 
glass top) The mner tube of the condenser carrying at its end a 
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fnttcd glass plate extends into the receiver Vi (4 cm ^vide at the 
neck) Vj 13 a similar smaller receiver The loiver part of the re- 
ceiver holds each 10 ml of bqmiL The arsenous ncid is added 
throng ft dropping funneL T is a T tube which is connected on 
one side with the distilling flask and on the other side with the steam 
generator D wiiwh contams ehghtly alkalmo (NaOH) water The 
third ann of the T leads to the outside and may be connected to a 
suction pump Hi H: H* and H4 are pmch clamps which serve to 
regulate the vacuum and the steam In order to regulate the pressure 



Fio 20 Apporstw for iodioe determlaatioo sccorduic to Lelpart, 


a piece of ^ass tubing K equipped with a bulb with holes at its lower 
end and dipping into a beaker with water is connected to the steam 
generator 

Proctdurt 

Into the digestion flask A are placed a trace of cenc sulfate I(k-20 
mL of whole blood or serum and a suitable amount of chromic aad 
(10 ml of blood require approxnnatclj 18 mk of chromic acid for 
complete dige<icaj) The flask is placed on a Babo funnel (large 
metal funnel Imed with asbestos paper) and the reaction is alloived 
to start Then lOO-loO ml of concentrated sulfunc and are added 
slowlj and mth shnkmg Tho first part of the acid must be added 
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Tvith caution Tbo digestion mkture heats up considerably by itself 
and part of the excess ^•ater will evaporate- Sulfunc acid is added 
Tvbcn the reaction slows down The spoed of reaction may bo con 
trolled by outade coolmg When largo amount* of chri^c acid 
have been used, a precipitate of chromium tnoxjde will appear when 
the concentration of sulfuno acid increases- This precipitate can bo 
neglected and the rest of the sulfunc acid is added m larger portions. 
During this time chlorine (gas) den\cd from the sodium chlondo 
content of the blood is liberated- *nio reaction is completed by 
heating for a short time on the Babo funneL This heatmg penod 
serves to remove tho chlonno entirely and to destroy most of the 
ohromio acid (Oj liberation) The digestion mixture turns to a 
greenish yellow color The entire procedure should last opproxi 
matcly twenty nunutes. 

The flask is allowed to cool, first by itself, than by outeido coolmg, 
it IS then carefully diluted mth water, boDed ogam to rmove chromyl 
chloride, and again diluted with water to prevent tho dmclopment of 
SOj vnporB during distillation Now tho flask is connected to the 
apparatus. The ground glass ports can be sealed with a few drops of 
water Tho steam generator is heated, the clamp Hi s closed, 
clamps Hj and H 4 are open and tho steam escapes through K into 
the open air The rccei\ ers contam a few drops of 20 per cent NaOH 
and arc filled with water up to the narrow part of the nbsorptwn 
flnulf. Now the apparatus is connected to the condenser and the 
suction pump 

Disiillalicn 

Clamp Hj IS opened to allow air to flow freely throng tho absorp- 
tjOT vessels (receivers) It is not neccasaiy to evacuate the apparn 
tus completely, smee a vacuum often results m undenred foommg, 
6(H10 mm Hg are sufficient Ae soon as tho suction pump start* 
workmg, clomp H« is cloeod and clomp Hi is opened to such a degree 
that no suction la observed at IC Under these conditions the diges- 
tion mixture will begm to boil rapidly, the vnpora rise through the 
neck of tho flask and reach the condenser To prevent the 
from going any further than tho middle of tho condenser, clomps i 
and Hi are shut a btUe. Hapid boilmg occur* in the digcsUon flask 
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and^occasionfll air bubbles pass through the receivers. Now the 
ansemoufl acid is added through the dropping funnel at the rate of 
2-3 drops per second. If the vapors move any farther past the 
middle of the condenser the current of steam must be slowed down 
Small bubbles of COj are observed in the receivers ongmatfaig from 
excess KjCX)*, As soon os the chromlo acid has been reduced the 
entire amount of lodme will distfll over at once (150 7 of lodme can 
be recognised by the transient ydlow coloring of the condensation 
rmg Larger amounts of lodme appear as chunks. However these 
amounts will not normally occur m blood) When small amounts 
of iodine, such as normally found m blood, are to be determmed the 
reduemg agent Is added until the contents of the flask turn blue-green. 
This point can easily be recognised oven by an untramed observer 
An excess of arsemoua odd la not harmful because the lodme is 
libemtod instantaneously from the diction mixture. Prolonged 
distillation is therefore unnecessary 

Clomp Hi Is now opened as far os the pressure pennits and the 
condenser tube becomes gradually hot all the way to the bottom of 
the rocciver In this way any traces of lodme left m the condenser 
are vaponied and can combmo with the NaOH in the receiver v ess e l s 
Clomp Hi IS closed m order to allow nnsing of the condcaiser tube 
with the receiver fluid and It is opened again to allow the fluid to 
return to the flask. Ihe condenser tube is finally washed out by 
the condensing water vapors. If largo amounts of iodine arc expected 
the condenser must be rinsed once more with fresh water At the 
end of the distillation clamp Hi is opened to the outside oir and 
clamp H] IS closed Clamp Hi is closed and air Is allowed to enter 
the apparatus slowly Then both recchrers ore removed 
To clean the apparatus the free arm of T is connected to the 
pump, the digestion mixture is removed by suction and water is 
sucked through the apparatus throu^ the condenser tube Now 
the pump IS disconnected, clamp IL n closed and the apparatus a 
steamed out while the next onolyttcal aample is prepared 
The iodine distillation may also bo performed without vacuum 
m the apparatus shown m figure 21 Since iodine is \olatiIo n steam 
distillation over a ponod of 10 minutes timed from the beginning of 
the boQmg of the digestion roi-xturo is suflicient to Lberato and collect 
the iodine. During the first five minutes the end of the condenser 
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dionde and cicess permanganate are reduced. Add 
solution m excess and thoroughlv rotate the *olu 
sides of the m order to reduce anv manganese di< 
there. Ftnallv after the elution stood for 2 mu 
drop of urea (C) to the 1 ml. volumes and 5 drops to the 5 r 
Hotate the solution thorou^ilv upon the trails of the fls 
mit the sample to stand 4 minutes longer m the wat® 1^ 
•the sample to room temperature (20-30® C ) before titratio 
Ttlrutton One drop (003 ml ) of potassram iodide (7) ‘ 
to the samples, containing leas than 10 to 20 mg. Froa 0 
mL of potasaum iodide solution b then added to the 
taming 'up to 1 mg. of ,odate lodme. 
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For the rest of the titration and the calculation see bromme method, 
p 84 

ITie normal iodme content of blood vanea betireen 12 and 14 
per cent The thyroid gland regulates the iodine level 
Hi^ values for iodine ore found after locbde ingestion after 
thyroim treatment and in Basedow a disease (30-60 y pcr cent) 
Low values are encountered In mytedema and cretinism (2-0 y per 
cent) and after total thyroidectomy 

MlCBODETERiHNATION OP ToTAL IoDINE (aPTER IoDINB SuPPLt)^ 
This method can only be uaed when hi^ lodme levels ore to be 
erpected (iodme medication), it is not suited for determinations m 
normal blood 

Pnnctple oj the melhod The organic material is fused and ignited 
with potassium nitrate and sodium carbonate and the iodine is 
ceddixed to lodate with potassium permanganate The iodine is 
liberated from the iodate by the addition of kdide and titrated with 
sodium thiosulfate 

Reaoenls 

(1) Two parts of finely pulvoniod dry, pur© sodium enrbonate 
and 1 part of finely pulverixed dry, pure potassium nitrate (iodme 
free) are well nmed m a mortar 

(2) potassium pennangonato solution satumted in the cold 

(3) dilute lOInO* solution prepared as follows The saturated 
solution is diluted 1 10 \rith redistilled water (This solution has 
to be made up fresh each thno) 

(4) 26 volume per cent sulfuric acid 

(5) 0 7 per cent sodium mints solution 
(0) 10 per cent urea solution 

^) 6 per cent KI solution 

(8) 0^ per cent starch solution 

(0) N/200 sodium thiosulfate solution 

Procedure 

One gram of reagent (I) is weighed out mto a wmnll porcclam 
crudblo and 1 ml of blood is added riowij so that it n evenly absorbed 
by the salt mixture, 'Ihe crucible is placed into on o\cn which is 
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(2) approxunatcly N/10 NojSOj prepared by disaolvmg 12 Gm. 
anhydrous sodium sulfite m 100 ml of water This Bolutwn d«cch 
poses upon standmg It u*iU keep In the refrigerator for a ireek. 
Tlie receivers ore filled i\nth 0^ ml of (1) and 0^ ml of (2) nhea 
small amounts of lodmo arc expected, with 2 ml of both reagmti 
v,hen Urge amounts are to bo dotormmed 

(1) 31 6 Gm IvMnOi dissolved in 1000 ml of water 
('4'' con(*cntratod IIjPOi (syrupy) 

('ll \u\Oi 10 4 per cent 
(01 urea solution, 30 per cent 

(7) 6 per cent IQ (tins solution should give no color with starch 
^^'llcn cooled to 0" C ) 

Procrdirrc* 

Place the sample in a shallow Nvatcr bath Add potaaium per 
manganato (3), from the pipct of a dropping bottle, directly mto 
the solution until a permanent purplo coloring results. Two drc^i 
(0 00 ml ) are sufficient for wmoll amounts of iodines but as much 
as 8 drops may bo noccasary for 1 mg of lodme. After addmi tie 
permanganate, rotate the solution gently upon the sides d the 
flask and heat tho saraples for two romutes Then add 2 dn?e 
(0 00 ml) and 8 drops (0 24 ml ) of 85 per cent phosphoric lead to 
tho samples, contammg 0.6 ml and 2 ml of potassram carbc<ia|fi 
(1) respoctivtdy No dccoloruation of tho pennanganflte fit 
occur After two mmutes have elapsed add sodium nitrite cohitJ® 
(6) drop by drop directly mto tho solution until all 
dioxide and excess permnnganato aro reduced Add 1 drop of 
solution m excess and thoroughly rotate the solution 
Sides of the flask m order to reduce any manganese dwxide 
there. Finally, after tho solution ha* stood for 2 
drop of urea (6) to tho 1 rrd volumes and 6 drops to the 6 ml 
Rotate the solution thoroughly upon tho walls of the 
nut the sample to stand 4 mmutes longer m the water ba 
•the (ample to room temperature (20-30° C ) before btrotK®. 

T-Uratwn One drop (0 03 ml) of potaeaum iodide (7) “ 
to the aamplee, contammg losa than 10 to 20 mg 
mh of pota«snnn iodide solution i» then added to the (Eini** 
t jimin fe dp to 1 mg. of lodate lodme. 
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For the rest of the titratioQ and the calctilatioa see bromine method, 
p 84 

The normal lodme content of blood vanes between 12 and 14 
per cent The thyroKi gland regulatea the iodine level 

values for iodine are found after iodide mgestion, after 
thyroxin treatment and m Banedow^a diaease (30-60 y per cent) 
Low values are encountered in myxedeama and cretinism (2-0 7 per 
cent) and after total thyroideotomy 

MiCRODETEEumATiov 07 Totai, Iodine (apteb Iodine Sofflt)^ 

This method can only be uaed when high lodme levels are to be 
expected (iodine medication), It is not suited for determinations in 
normal blood. 

Pnnaple of Uie meihod Ihe orgamo matenal is fused and ignib>d 
with potassium nitrate and sodium carbonate and the lodme Is 
cuoduod to lodate with potassium permanganate. The iodme is 
liberated from the lodato by tho addition of iodide and titrated with 
sodrum thiosulfate. 

(1) Two parts of frndy pulverised dry, pure sodium carbonate 
and 1 part of finely puK-eruod dry, pure potassium nitrate 0«ime 
free) arc well mixed m a mortar 

(2) potassium permanganate solution saturated m the cold 

(3) dilute ICMn04 eolution prepared as follows The saturated 
solution is dDuted 1 10 with redistilled water (This eolution has 
to be made up fresh each time) 

(4) 2o volume per cent suUuno acid 

(5) 0 7 per cent sodium nitrite solution 

(0) 10 per cent urea solution 

(7) 6 per cent KI solution 

(8) 0.2j per cent starch solution 

(0) N/200 sodium thiosulfate solution 

Procedure 

One gram of rea ge nt (1) is weighed out mto a small poredam 
crucible and 1 ml of blood is added slowly so that it is cvenli absorbed 
by the salt mixture The cruciblo is placed mto an oven which is 
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graduolly heated to 110“ C over a period of 1-2 houra. After all 
the hquKi haa evaporated, the cnioibie is removed from the oven 
and heated over a flame till the contonte have melted and the carbon 
particles have disappeared The abghtly green colored fused material 
ifl cooled and dissolved in 6 ml of hot water and transferred quanti- 
tatively by means of a pq>et into a 100 ml Eiieameyer flask, nwng 
about 15 ml of water to rinse the crucible Ten to 15 drops of 
potassium permanganate solution (2) and several glass beads are 
added, it is well mixed by abaktng and brought to a short bod (10 
seconds) Hio flask is removed from the flame and 5 ml of sulfnno 
acid (4) ore added to the hot solution The first 1 or 2 ml must be 
added with caution amce foaming wfll occur as a result of CX)i and 
nitrous acid fumes. The remamder of the sul/unc acid is used to 
wash down th© neck and aides of the flask. The contents must be 
clear and colorless, otheiTiiae a few more drops of sulfunc acid must 
be added The hot flask is put back on the flame and dDuto KNlnOi 
solution (3) IS added till the pink color remains. Tho permanganate 
should not touch the ados of tho Erlenmeyer flask, because ma n g a n ese 
dioxid© wili form, winch mterfercs with the reaction. The contaits 
of the flaak are boiled for 10-16 seconds and the potassium per 
mjmganate reduced by the addition of 0 1 ml of sodium nitnte sola 
tion (5) To remove exocss nitrous acid 1 mi of 10 per cent urea 
solution (0) IS added and it is bofled for one mmute The flask is 
cooled agam, I ml of KI solution (7) is added and tho liberated iodine 
IB titrated with sodium thiosulfate (9) usmg starch (8) as mdicator 

Caleulaium 

A IVll OAQO 

1 ml of N/200 thioeulfate corresponds to ^ ^ lodme 

- 0 1057 mg lodme. The division by 0 is necessary, because the 
lodme was detenmned as lodata 

Dittesmination or Phosphorus 

The following phosphorus-contammg fractions besides tho total 
phosphorus can be determmed in blood 

(1) acid-eoluble fraction 

(a) morganic phosphate 

(b) organic phosphorus compounds which are not precipita 
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by the usual protein precipitating agents and which contain com 
bmed PO^ (phosphonc acid esters) 

(2) phoephohpid fractions 

(3) phosphates which are precipitated by the usual protem pre- 
cipitating agents (phospho-proteins) 

The determination of morganio phosphorus is most frequently 
required m a clmical laboratory The cellular elements of the 
blood contam mainly lonisable organic phosphorus compounds. 
Provided that the blood sample la neither hemolyied or hemolytic 
an increase of organic bound acid soluble phosphorus occurs at the 
cost of the mor gani o phosphorus dunng the first 2-3 hours after the 
blood has been drawn (The morganio phosphorus forms an organic 
compound The values for morganio phosphorus are then found to 
be smaller ) Later on the process is reversed and an increase m 
morganio phosphorus occurs throu^di rapid decomposition of the 
acid-soluble estenfied phosphorua. TTio latter reaction takes place 
spootaneouBly m hcmolysed blood 

If the morgnnic pbo^horus or tho acid-soluble estenfied phosphorus 
IS to be determmed m whole blood tiasuee or red cells, the proteins 
must be removed by acid precipitation and hemolysis must be care- 
fully avoided (to prevent hydrolysis of the acid-eoluble esters) For 
the detcimmation of morganio phosphorus m whole blood the pro- 
tem free filtrate must not be heated and the analysis must be per 
formed rapidly because the acid hydrolysis of the organic phosphorus 
takes place already at room temperaturc- 

TTie blood must bo centrifuged immediately after having been 
drawn and the scrum must bo separated from tho cells. Only sera 
ivhich are completdy free from hemoglobm can bo used for the 
detenmnntion In the protein free filtrate of the sorum (plasma) the 
esters are stable and may m'cn be heated with dilate ockL 

anraiicRo-DEnuauNATiov or acii>-«oluble phosphorus* 

PnnapJe o/ the method Phosphono acid forms a complex phospho- 
molybdic ockl with molybdic acid A blue color results when this 
complex IS reduced with a arainonaphthol sulfonic netd This blue 
color IS compared with tho color of a standard phosphate solution m 
the Ehibosque or IlcUigo colorimeter 



dO mCROCHEinCAL ItETBODS BLOOD AND C3 P EXAiONATIONB 

DeUn^wiaiion of InorffOTuc PhospkontB 
Reoffcnls 

(1) 10 per cent tnchloracetio acid It is most important for this 
rcagoit to bo very pure, any impuntics mil prevent the developmoit 
of the color Some preparetions of tnchloracetio acid contain phos- 
phoniB, only the purest grade of acid ahould be used 

(2) amm onium moljbdate 26 Gm of ammomum molybdate are 
lissolved m 200 ml of water (slight heating may be necessary) 
rhe molybdate solution is cooled and added with contmuous Btimng 
to 300 ml of 10 N sulfuric acid (10 N sul/uno acid is prepared 
by adding 460 ml of concentrated milfunc acid to 1300 ml of water) 

(3) standard phosphate solution 

(a) stock solution 0.3609 Gm of pure monojxitaasiuni phos- 
phate (IvHjP 04) and 80 Gm of tnchloracetio acid are diasolv^ m 
(rater and the solution is made up to 1 liter with water 

(b) workmg standard 

(a) for tho Dubosquo colonmotor 10 ml of the stock aolu 
tion corresponding to 0.S mg of phosphorus are added to 80 ml 
of 10 per cent tnchloracetio acid solution m a 100 mh volumetno 
[lask. The mixture is made up to the mark mth water 

(^) for the Helhge colorimeter ^ ml of the stock solntion 
»rre^xmding to 1 0 mg of phosphorus are 6lled mto a 100 ml. 
eolumetnc flnat. and mode up to the mark with 10 per emit tnchlor 
acetic acid 

(4) 16 per cent eodhim bisulfite solution (NaHSOj) C3oudy 
Bolutionfl must be discarded, fresh solutions should be allowed to 
stand for 2-3 days before filtenng 

(6) sodium sulfite solution (NajSOj X THjO) 200 Gm. are 
dissolved m 380 mh of water and filtered 

(0) a-anunonaphtholsulfonic acid The commercial preparatioiis 
must be recrystalllxod Dissolve 160 Gm of NoHSOj and 10 Qm. 
of NaiSOj m 100 ml of water heated to 90® C To this solution fa 
added 16 Gm of commercially available ammosulfonlo emd, the 
hot solution IS filtered and after cooling 10 ml of concentrated HCl 
Ifl added with stirnng The precipitate is filtered off by suction, 
washed with appronmntely 300 ml of water, then with alcohol un^ 
the woriimgs ore colorless. The pure acid is air-dned m tho dart 
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(brown ^aas) pulverijcd and kept in a dark bottle. A 0.25 per cent 
solution of a-ammonophthol Bulfonio acid is used for the deter 
mlnation. 0.5 Qm of dry powdered aminosulfonio acid is added 
to 196 ml of 16 per cent bisulBte solution (VoHSOj) and 6 ml of 
20 per cent sodium sulfite solution (Na^SOg) and the mixture is 
well shaken (If the bisulfite solution la old and oudized more than 
5 mk of sodium sulfite ore required to dissolve the add ) No e-xcess 
sulfite should be used. The solution keeps for approximately 2 
weeks, when kept cold and in the dark (icebox) 


pToadurt 

A test tube with ground glass top is filial with 8 ml of tnchlor 
acetic acid and 2 mL of oxalaCed blood is added with ahaking After 
continued shakmg it b filtered through an ash-free filter Five mL 
of filtrate (correspondmg to 1 ml of blood) 1 mL of molybdate and 
0 4 mL of ammosulfomo add reagent are pipetted into a 10 mL vdu 
mstno flfiak, water added up to the mark and the contenta weD 
muted. At the same tune 6 ml of the working standard phosphate 
solutioa (a or is pipetted into a 10 mL volumetne OMk, 1 mJ of 
molybdate and 0 4 ml of ammoaulfoDio acid reagent are added, and 
made up with water to the mark. Maximal mtenilty of color de- 
velops after five nunutes and remains ocmatant over a prolonged 
period of time 


Caleulalum 

reading of the standard X 0 04 
readmg of the sam^ 

The result is multiplied by 100 
expressed in mg per cent. 


mg. phosphorus m the sampK 
obtam the phosphorus content 


Example 

roadlac of the standard 
raidfDC of the tample 
ooneentratloQ of the ataodard 


20 mnu 
IS mm. 
0 01 mg 


20 X 004 X 100 
18 


4.4 mg, per cent phosphorus content 


If the HcUige colonmetcr la used the atandard is placed mto the 
wedge of the matrument and the sample mto the cup 
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Calculation 

0 03 X — - “ mg. P y w colorimeter reading. 

The result is multiplied by 100 to obtain the phosphorus content 
m mg per cent 

Determination of the Total AcidSoluhle Phosphorus {InorganK 
Phosphorus and Phosphais Esters) 

Reagents 

(1) 5 K HjSOi prepared from 10 J'f HjSO< by proper dflution mth 
rrater (see dctermmation of morganic pho8phoniii» 2) 

(2) 2^ per cent aqueous ommomum molybdate solution, neutral 
2o Gnu of ammonium molybdate is dissolved m 600 ml of inirro water 
and made up to 1 liter The solution cannot be used when large 
amounts of precipitate (ammonium tnmolvbdafe) are present 

(3) standard phosphate solution 

(«) for the Dubosque colorimeter 20 ml of the stock eolutkm 
(see deteimmatKJu of inorganic pbospborus reagent 3) is mned 
with SO mL of 10 per cent tnchlorocelio acid Fire ml of this 
solution correspond to OOS mg of phosphorus 

(fi) for the Hellige colomneler -JO ml of the stock solution is 
mrted with 60 ml of 10 per cent tnchJoracetic acitt Fire mk of 
this solution correspond to 0 10 mg of phosphorus. 

(4) concentrated HJsOi 

(5) 2 per cent urea solution 

other reagents, see determmtttion of inorganic phosphorus. 

Procedure 

A micro-Kjeldahl flnak (pyrei) is filled with 5 ml of the tnchlor 
acetic acid filtrate another m filled with 6 ml of phosphorus 
Btandard (a or ff) To each flask Is added 6 ml of 6 N H-SO^ and 
a few gUiw beads to prevent bumping 'Iho flasks are heated for 
digestion over a nucrobunier (see determination of dob protein 
nitrogen p 137 figure 27) imtfl sulfuric acid I'apors appear The 
flame is reduced and concentrated nitnc acid is added drop bj drop 
until the residue remains colorless Two ml of 2 per cent urea solu 
nifFTtiia fnmnnnnds if nresent) and 
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unknown samples are transferred into 50 ml volumetric flasks, 6 ml 
of molybdate and 2 ml of a-ammonaphthol sulfonic aoid reagent are 
added, made up to the mxiric with water and after tea minutes the 
samples are read in the colorimeter 
Calculahon 

(a) for the Dubosque colonmotor 


reading of the standard X 0 OS X 100 


ng ol the unknown sample 


soluble phosphorus (inorganic and organic) in mg per cent 
0) for the HoUige colonmoter 


(100 ~ y) X 0 16 X 100 
100 


y — colonmer reading 


equals (morgatuo and organic) phosphorus m mg per cent. 

In order to obt^ the ocid-Boluble combbed organic phosphorus 
the value for morganio phosphorus must bo deducted from the above 
obtamed result 


incRO-DffmuECKATiov or PHoernoBue akd its rEAcnovs* 
Prtnapie of ih4 method Phciphono acid and molybdio acid form 
a complex phospbomolybdio acid The addition of stannous 
chlonde (finCh) reduces only this phosphor complex to a blue molyb- 
dic oxido, the axcess molybdio acid not being affected and remaining 
colorless The phosphorus content of the sample is determined by 
comparison with a standard phosphate solution 

Detenmnatum of Inor^amc PhoephoruM in S«ntm and Plasma 

Reagents 

(1) 14 per cent tnchloracetio acid pure, diasolvod b redistilled 
water 

(2) molybdic arad-Bulfurio add reagent 

(a) 03 ml of concentmted HjSOi ore poured bto distilled water 
and after Qoolmg it is made up to 1 liter 

(b) 7.5 Gm of sodium molybdate (c p , reagent, free from 
potassium and aramomum) are dissolved m a 100 mL volumetric 
flask m distilled water and made up to the mark with water If the 
solation is turbid it is filtered throu^ a fluted filter For the «Tin\ 
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ysis 3 parts of Bolution (a) are mixed with one part of solution (b) 
The mixture keeps over a long period of time 
(3) stannous chloride solution 

(a) stock solution In a 25 ml \olumetric flB«V 10 Giil of SnClj 
are dissolved m a small amount of concentrated HCl and made up to 
the mark with concentrated HCL A few smaJl pieces of phoqihoras- 
free pure metallic tm are added to prevent autoxidation of the SnQi 
according to the formula SnCU + Sn — 2SnCli This solution 
tntU keep mdefinitely, the metal la ueed up with time and has to be 
replaced approximately once a year 

(b) the stock solution is diluted befoiD use. The rate of dilution 
can be found by dotermiaing the concentratjon of the stock solution 
as follows mto a 60 mL measuring flask is placed 0 1 ml of SdCIj 
and made up to the mark with distilled water Test tubes of 2J5 cm. 
diameter are filled with 5 ml of N/200 KIOi, KI is added, well mixed 
and 1 ml of diluted SnCh is added After some seconds it is titrated 
with N/200 sodium thiosulfate till yellow Then the titratian d 
continued with starch until the blue color disappears. In the same 
way two blank values without SnClj are titrated The difference be- 
tween blank and full value multiplied by 0,6020 •- 

gives SnClj m 1 mk of the dfluted SnClj solution According to 
Kuttner and Laechtenstem the SnCIj solution should contam 2 mg 
of SnClj per ml The degree of dilution is calculated from the titra 
tion values 
Example 

blank value needi 6 ml of thiosulfate 

full value needa 2 8 ml of thiosulfate 

dJfforenee 2 2 ml 

2.2 X 0A025 = 1,2376 

1 ml of this solution thus contains 1.23 mg per cent SnOj From 
the proportion ^ ■» the amount of SnClj solution is found 

0.2 ^ ^ 

which must be diluted to 60 mL In this case pC — ^ } 

o irt ml mn«f Kfl til /Wl iTiL A* thfi conccntmtcd solution is 
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nearly constant, it should be controlled once m a tme, respectively 
every tune before use if the estimation is earned out only occasionally 
The dilute SnQi solution will keep only for one day and must ^ 
prepared immediately before use 
(4) standard phosphate solution 

(a) stock solution 0 4380 Gim of KHtPO* (pure and 70 Gm of 
tnchloracctic add (c p reagent) ere dissolved m water in a 1000 ml 
\olumctnc flnwlr and made up to the mark with water One ml 
of this dilution contains 0 1 mg of phosphorus, corresponding to 
0.225 mg of P*0^ 

(b) from this stock solution two working standards are prepared 
(a) m a 200 ml volumetric flask 10 ml of stock solution are mixed 
with 05 ml of tnchloracetic acid (1) and made up to the mark with 
water One mi of this solution contains 0 005 mg of phosphorus, 

09) m a 200 ml volumetrio flask 20 ml of stock solution are 
mixed with 90 ml of trichloracetic acid and made op to the mark 
with water One ml of this solution contains 0 01 mg of phosphorus. 
According to the amount of pho^bonis expected m the sample either 
solution a) or sohition 0) is used 
(6) N/1 H,SO, 

Proetdiar 

From an exactly calibrated pipot 0,2 ml of serum is discharged 
into a small test tube, containing 0.8 ml of distilled water Ihe 
pipct IB nnsed by repeated sucking up of the water After the 
addition of 1 ml of tnchloracctic acid (1) the tube is centrifuged, and 
1.5 mk of the clear supernatant is placed mto the microcup of a 
Dubosque colorimeter with the aid of a regular pipet or a precision 
pipet (fig, 4) The other cup b filled with 1 ,6 ml of standard solution 
1.2 ml of Bulfunc octd moljbdic acid reogent is added to both cups 
and wcD mixed with a glass rod I^ow 0.3 ml of dilute SnClj solu 
tion is added to each cup After fifteen seconds the maximum color 
development has been reached and the color will remam stable oiijr 
a penod of two hours Tlius a senes of determinations ma> bo made 
with the same standard solution If the colors ore too intense to 
afford proper reading both the unknown sample and the standard 
maj bo equally dfluted with N/I IlfSO^ 

^VU the glassware used m this determination must bo |>crfcctl> 
clean Rinsmg with redistilled water is recommended The water 
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must have been rechstflled (see appendix) and should not give a 
blue color with the reagents. 

Calculaiton 


reading of the standard X 0 0076 
readi^ of the sample 


mg. phosphorus in the sample. 


In order to obtam the pho^honis content e-xpreased m mg per 
cent, the result is multiplied b\ 

Jo 


reading of the standard X 5 
rending ol the sample 

Example 

reading of the rtaodard 
reading of the aaiople 
eoneontraUoQ of the rtandard 

20 X 00076 X 10000 . 20 X 6 
18 X 16 “ 18 


mg per cent P 


20 miT< 

18 mm. 

0 0078 mg 

5£ mg. per cent P 


If the Helbge colomneter is used, 1 mL of the supernatant (see 
above) is transferred to the cup At the game tune 10 mL of the 
standard solution 0) is pipetted mto a test tube. With stining 0.8 
mL of molybdic acid-sulfunc acid reagent (2) and 0.2 mL of the 
dflute SnClt sohition are added to the aample- Similarij 8 ml of 
the reagent (2) and 2 ml of dflute SnClj solution are added to the 
tube contammg the standard The contents of this tube are trans- 
ferred after 15 seconds mto the wedge of the eolonmeter and the 
color* compared The ratio between reagent (2) and reagent (3) 
are identical m the unknown sample and m the standard despite the 
larger total amount of standard solution 
Calculaiton 


^ X 10 - mg. per cent P 


\ — colorimeter reading 


Example 

identical coloring obtamed at a setting of 46 


100 - 45 
100 


X 10 


55 X 10 
100 


i 


mg. per cent P 


100 
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Deienmnaium aj Inortfonxc Pkosphorut tn TFTioIc Blood 

ReagcrOa 

(1) 7 77 per cent tnchloracetio aad 55^ mL of 14 per cent tri 
chloracetic acid la diluted to 100 mt with redistilled water 

An other reagents as indicated m the previous paragraph. 

Procedure 

^th a perfectly dry and well calibrated capiUary pipot 0,2 ml of 
blood is drawn from finger tip and delivered mto a narrow test 
tube equipped with ground gjaa stopper The tube contams 1,8 
mL of 7 77 per cent trichloracetic add solntion A email glaaa bead 
IB placed mto the tube the tube is stoppered and Mgorously shaLen 
for a period of tfane, and finally centrifuged. Further detenmnatioa 
and calculatMn is earned out according to directions for the deter 
mmatlon of phosphorus m serum. 

Ddermtnalum oj Toial Aad-vdiible Photphonui {Pkorphait Etien) 

METHOD (a) 

Reagenlt 

(1) titanium-suUonc acid 0 1 Gm, titanhim hydrorode is dis- 
Bohed m 100 ml of 10 N HjSOi To obtain ION HtS 04 , 279 mL 
of concentrated HjS 04 is added to water and the solution made up 
to 1000 ml with water 

(2) hydrogen peronde (30 per cent) pure 

(3) moljbdio acid reagent m a 100 mL volumetnc flask 1 9 Gm, 
of sodium mcdjbdate (o p reagent) is dissolved in redistilled water 
and made up to the mark. Filter if cloudy 

For all other reagents see determination of inorganic phosphorus. 

Proctditre 

Scrum or whole blood is dcprotcuuicd with trichloracetic acid 
(see detcnnmatkm of morganic phosphorus in scrum and whole 
blood) and lA ml of filtrate is transferred to a piTCx digestion flask 
(\olumQ of bulb approT 6 ml length of flask 18^190 mm,^ diameter 
of neck 10 rnm , bcanng marks at 8 ml and 10 ml ) This is followed 
bj 1 ml of titanium sulfunc acid 0,2 ml of h>drogcn perodde and 
a glass bead to assure steady boiling The mixture fa digested o\'cr 
a micro-burner in the setup as described for the determination of 
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non-protem nitrogen (p 137, fig 27) l^e digestion ts intemipted 
^\^th the appearance of sulfunc acid fumes. It is termmatod when 
the red liquid (titanium sulfate mth traces of HiOi forms a red 
pcrtitanic ftcid“ '*) has turned colorioss. If the digestlonismcomplete 
a black residue remainfl In this case 0J2 ml of fresh HtOt must be 
added and the digestion continued. The colorless residue is diluted 
with redistilled water which is allowed to nm down along the neck of 
the flask ^Vhcn traces of HjOi have adhered to the neck of the flask, 
the contents of the flask mil turn red, and the digestion has to bo 
continued until tho red color disappears, emeo traces of HtOj irill 
mterfere with the deterramation A blank determination is earned 
out along mill tlie sample by digostmg 3 ml of the dilute pho^horus 
standard (a) \nth titan, rum-eulfuno add and HjOj under the same 
conditions. 

Unknown and standard are now dOutod to the 8 ml mark with 
redistilled water and 1 ml of molybdate reagent (3) and 1 mb of 
dilute SnDi solution is added. They ore well muced with the aid of s 
capillary pipot and after five minutes tho colors ore compared in 
the colonmctor 


CalcuUUwn 

reading of the standard X 0 015 ^ 
leading ol Uio sample 

10000 

on mg , after multiplication with — — - m mg per cent. 

15 


total acid soluble phosphorus 


reading of the standard X 10 
rauhng of the sample 


mg. per cent P (total add-soluble) 


Tho value for tho cstonfied phosphorus is obtained by subtractmg 
the >'aluo for inorganic phosphorus from the value for total sad 
soluble phosphorus. 

If tho Hdhge colorimeter is used the method is the same as de- 
scribed above Solution 0 serves as standard. 


Cakulalton 

^*^00 ~ ^ ^ y “ colorimotor roadlng. 



detehiunation or tod anionb 


UETOOD (b) 

Hydrogen penrado frequently contains phosphates as preseimtlre. 
If no phoaphorus-froe HjOi is avadablo tho following method is used 
which precludes the use of HjOi 

ReofftTiU 

(1) 10 N HtS 04 prepared by diluting 279 ml cf concentiatod 
Bulfuno acid with water to 1000 ml 

(2) concentrated nitnc acid (o-p spec, gravity 1 4) 

(3) 2 per cent urea solution 

(4) 1 0 per cent clear aqueous sodium molybdate solution (without 
acid) 

All other reagents as described for the determination of inorganic 
phosphorus 

Prccedurt 

Serum or whole blood is doprotemited with tnchloracetio acid 
(see determination of morgnnlc pbospbonis m serum or whole blood) 
and ml of eupemstant ts transferred mto a digestion flask (see 
method a) To tha ts added 1 mL of (1) and 0 4 mL of HNOt 
(2) The mbrture is heated carefully over a microbumer until 
Bulfunc ackl fumes appear Should the sample not be colorless 
after cooling 0 4 mL of HNOj is again axlded and the digestion re- 
peated After cooling 1 mL of urea solution (3) is added and the 
Solution bofled for a few minutes in a water bath (to destroy mtrous 
nod) The determination is continued os describod under (a) 

Ltpid PhorphoruB 
lUofftnU 

(1) alcohol-ether nu-vture 3 parts of 05 per cent ethyl alcohol are 
mhrpH with 1 part of ether Both reagents must be redistilled before 
use. For all other reagents see determination of total acid-soluble 
phosphorus 
Proaditn 

Into a 10 ml volumetno flask ore placed approximately 0 ml of 
the alcohol-ether mixture. Slowly and with shaking 0.2 mL of whole 
blood (serum or plasma) ore added from an exactly calibrated pipet 
and the flask is immersed m boiling water for 30 seconds to complete 
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the protein precipitation The sample is cooled to room temperature, 
made up to the mark with alcohol-ether and filtered into a dry test 
tube throxi^di quantitative filter paper (6 cm. diameter) Five ml 
of the filtrate, corresponding to 0 1 ml of the original material are 
transferred mto a digestion flaak (see determination of total acid 
soluble phosphorufl) and the alcohol-ether is evaporated on a water 
bath To prevent explosions during evaporation over a free flame, 
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a variation of the Davy safety lamp is used (fig 22) When no 
more solvent can be detected (odor) 1 ml of the titanium-sulfunc 
acid and 0^ ml of HtOj (ue , the reagent described for method b) 
is added The remaining part of the procedure is performed as 
described for total acid soluble phoephorus. In this method 2 mL 
of the standard phosphate solution are digested with titanium 
sulfunc acid and HiOi or HjSO* and HNOj (method b) 


Calcxdalxon 


Duboeque colorimeter 


reading of standard X 0 01 
reading of the sample 


— mg of lipid 
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olnblo phoBphoras of the wimple- Bj multipbcation by 1000 the 
imountmmg per cent is obtamed 
Example 

readtaK of viAndanl 20 mm- 

iradisf of the anknoim tample 23 mm 

cooccQtntlon of the vtaadard 0 01 me 

20 X 001 X 1000 *1 ^ iu, u V 

— • 909 m g. per cent Itpxi soluble pho^horua. 


CalcuJalion 

HcUigo colonmetcr (solution Is used) 

X 20 • bptdphosphonis In mg. per cent 

y “ colonineter reading 


rofol PkotphoTut 
EtoQcni* 

Sco inorganjc and actd-soluble phosphoniw 
Pnetdun 

Into tbo digestion Oasb arc placed 002 ml of ^olc blood or 
OA) ml of scrum (pkama) (see digestion of acid-solubJ© pho^borus) 
and digested with 1 ml of acid (method a or b pp 07, 99) described 
above In the same manner 3 ml of the pho^ihonis worUng stand 
ord solution (a or & according to the colonmeler u<cd) arc digested. 
;Utcr the digestion the unknown eomplo and the standard are worked 
up ns described abo\ a 
Colcufafion 

, , , r.v reading of staadanJ X 0015 X lOOOOO 

Dubosque colonmetcr I) tt ? 1 — 

L reading of sample X 20 

rending of standard X 75 
reading of sample 

• total phcKphonis in whole blood In rag. per cent 
2 j rending of standard X 0015 X 100000 
reading of wmplc X 50 
reading of standard X 30 
reading of sample 

— total phosphorus in scrum in mg. per cent 
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Hellige colonmeter [1) -when ^ridng ^nth 0 02 ml of blood 
100 - j ,, 003 X lOOOOO _ 100 - j 

100 ^ 20 " 100 ^ 

— total phosphorus in whole blood m mg. per cent 
colonmetor reading 

2) when working with 0 05 mL of serum 
j 003 X lOOOQO ^ 100 -y ^ ^ 

^ 60 100 ^ 

M TTig per cant total phosphorus. 

Hie normal \alue for morganic phosphorus in serum of adults is 
3-^ mg per cent, m children 4-0 mg per cent The phoqihate 
ester content of the serum vanes between 2 and 6 mg per cent m 
adults and between 4 and 7 mg per cent m children The phosphate 
level is influenced by ultra\iolet irradiation, thus it is highest in 
summer and lowest m winter 

Changes m the serum phosphate lev*e] can also be encountered 
during carbohydrate digestion, where on mcrease of phosphate esten 
(hesose phosphoric acid) at the expense of morgamc phcM^honis 
ia found (see glucose tolerance) 

High eerum Icrvela are foimd m 

(1) Hypervitammosis (vitamm D) after admnustralian of large 
doses of cod li\ er oil or i igantol Ultraviolet irradiation also causes 
a nse of serum phosphorus. 

(2) Hj^wparathyroKlism. In decreased parathyroid function an 
mcrease m serum pho^horus is obseried which is more or less pro- 
portional to a lowering of tho serum calcium level 

(3) Nephritis Ac mcrease m pho^bonis a a Ego of kidiisy 
msuffiaency and is often found together with a decrease of alkah- 
reserve. Values of 8 mg pier cent and above can be found m this 
disease Similar changes occur m nephrosclerosis, in cystic kidneys, 
in pyonephrosis, hjilronephrosis, ond m tuberculosis of the kidney 

(4) During healing of bone fractures the phosphate levd is in 
creased. During this j>enod values may varj between 5 and 7 mg 
per cent. Low serum levels arc found m 

(1) Rickets In chDdren \*alaes between 1 and 2 mg pier cent 
have been encountered. 


y “ 

100 - 
100 
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HelljgD colonmoter [1) ^^ilcn workmg with 0 02 mL of bbod 
100 - y ,, 0 03 X 100000 100 - y _ 

100 ^ 20 " 100 ^ 

— total pho^ihonis in whole blood m mg. per cent 
y ■» colonmotor reading 

2) ivhcn working inth 0 05 ml of serum 
100 - y ,, 003 X lOOOOO 100 - y ^ 

100 ^ 60 " 100 

mg, per cent total phosphonin. 


The normal value for morgonic phosphoriis in sonnn of adulta Ib 
3^ mg per cent, in children 4-0 mg per cent The phosphate 
ester content of the Bonim vanes between 2 and 6 mg per cent m 
adults and between 4 and 7 mg per cent in children The phosphate 
level ia influenced by ultraviolet irradiation, thus it is highest m 
summer and lowest m winter 

Changes in the scrum pho^bate level can also be encountered 
durmg carbohydrate digestion, where an mcrease of phosphate esters 
(hexoso phosphono acid) at tho axponao of Inorganic phosphorus 
IS found (see glucoso tolerance) 

High Bcnim levels are found m 

(1) Ilypcrvitoramosia (vitamin D) after odminfetration of large 
doses of cod liver oil or vigantol Ultraviolet irradiation also causes 
a nso of Bcrum phosphorus 

(2) Hypoparathyroidism In decreased parathyroid function an 
increase m serum phoaphorus is observed which is moro or loss pro- 


portional to a lowcrmg of the serum calcium lovd 

(3) Nephritis. An mcrcoso m phosphorus is a sign of kidney 
msuflicicncy and is often found together with a decrease of alkali- 
reservT Values of 8 mg per coot end above can be found in this 
disease Similar changes occur in nephrosclerosis, m ej'stk kMnoys, 
m pjoncphroeifl, hvdroncpbrosis and m tuberculosis of the kidney 

(4) Durmg healing of bone fractures tho phosphate level is lu 
creased. Durmg this penod values may vary between 6 and 7 mg 


per cent Low scrum levels are found m 

(I) Rickets In children values between 1 and 2 mg pcf 


have been encountered. 
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(2) Osteomalacia. 

(3) HyporparathyroKilam 

(4) Idiopathic steatorrhea celmc spruo of any kand. 

(6) During increased corbohydrato metabolism in hypennsulmwm 
and after msulm mjecUons, 

The phosphate content of epmol fluid vanca between \2o-Z 10 
mg per cent in adults and between lih3.6 mg per cent m children 
It depends upon the protom content The level is higher in all 



Fio 23 Pbo»phat« tolermoc® cutt® (J Warkany) 


degenemtivo and infectious procoases of the contra! nervous system 
(tumors, tabes dorsalis, menmgitis, etc ) 

Phcaphoriolennee Tat^* 

The administration of 0j5 Gm per kg of bodj weight of secondary 
aodrum phosphate to n normal person gradually results m a nso of 
the morganic phosphate lo^'cl of the scrum Tho maximum increase 
^thm three hours is approximatdj 3.6 mg- per cent (sec cuno a, 
fig 23) In a child suffering from nckets which has recoil od tho 
^hove mentioned doso of phosphalo tho maximum mcrcoso after tho 
period of time will bo only OJJ mg per cent (cun*o b fig 23) 
Tho abnormal behavior of patients suffering from nckets changes 
*fter prolonged admmistratlon of cod Incr oil or vigantol m such a 
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manner that the phosphate curve of the Benim will be far above the 
normal curve (curve c, fig 23) 

Accordmg to Klmko^ the phosphate fractions of whole blood and 
of eeniin ore distributed as follows 


1 

Tot»l-P 

UiAd-P j 

1 Pk«pliit*-F 

Add M^iU* P 


tBt% 

**t% 



who e blood i 

87 

10 

8 1 

24 

■emm (plasma) 

13 

S 

1 7 1 
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Chapter IV 

Determination of the Kations 

DETBBUINA’noU OT SoDttm’ 

Pnnapls of the mdhod Tlje aodium ia precipitated as insoluble 
cJt with potaaBTum pyro-ftntimonate and the 6 valent antimony Is 
determined lodometncally 

Rtiuixon eq\iaixon 

KiHjSbjOT ■f' 2NaCl " NaiHjSbiOi -i- 2KC1 
NajHiShtOr + 12Ha - SNaCl + 2SbCU + 7HjO 
SbClj Clj + 2tLl “ SbOli d* 2HC1 + Ii 

Reagtnlt 

(1) potassium pyro-antimonate In n pyrex Erienmejer flask 500 
ml of distilled water fa boded approrunately 5 Gm, of potassium 
pyro-entimcmate (KjHiSbiO/) fa added with stimng and the solution 
a boiled for exactly an minutes After rapid outside coolmg with 
^tcr, 16 mL of 10 per cent KOH fa added and the mixture is filtered 
throu^di a double ash-freo filter into a porafBniJod bottle Ihe solu 
tion should bo allowed to stand at least twenty four houn before use 

Ihtrparation of a paraffiniied bottle A piece of parafiin fa placed 
into a clean, dry bottlo and heated m an meubator to melt the paraf 
fin Then the warm flgwk fa rolled on a flat surface until it fa cooL 

(2) 20 per cent potassium iodide solution (freshly prepared each 
time) 

(3) 0^ per cent starch solution 

(4) N/lOO sodium thiosulfate solution 

Procedure 

Blood IS drawn without usmg a tourniquet and the serum fa ob 
tamed by centnfugation 

Into a 16 ml ceDtiifugotuboOJ2ml of scrum or plasma is measured 
out and made up to 1 mL with water All glassware (prcferabl> 
105 
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Jena or pyrax glass) should be brushed with soap and water and 
rinsed with water Cleaning solution is to be avoided Now 5 mb 
of the pjrro-antimouato ifl added and the tube is cooled to 10® C 
From a microburotte 1^ ml of 95 per cent ethyl alcohol is added 
over a penod of 30-40 seconds stirring constantly with a glass rod 
The rod is washed with a few drops of distiUod water and placed into 
a wide test tube (Hagedom-Jenseii tube made of pyrex glass), In 
which tho titration will bo performed later 
The cork-stoppored test tube is allowed to stand for } to 1 hour 
Then it is centrifuged and tho supernatant is carefully removed 


TO PUMP - 


Flo 21 Appasatub XJm> tom Bvcnoir 

without disturbmg the preapitate (see fig 24) Five ml of 30 per 
cent alcohol os added to tho residue and centrifugation repeated 
Then the supomatant is removed Now the tube recerves 6 ml 
of concentrated HCl (chlorme-freo) and the precipitate is dueolved 
by stimng A\ith the some glass rod which has been used for the 
precipitation The solution Is transferred quantitatively into the 
Hagedom-Jensen tube and the centnfugo tube is nnsed 3 times with 
6 ml of distilled water each Two ml of tho freshly prepared 20 
per cent potassium lodido solution ore added and titration quickly 
performed with N/lOO JSajSjO* tiU the appennmeo of a yellow color, 
then starch solution is added and titratxm coatmued till colorieo. 
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Caladaiion 

From the reaction equation it i8 evident that 1 atom of sodium 
corresponds to 2 atoms of iodine Consequently 1 ml of N/lOO 
UiKwulfate solution corresponds to 0 116 mg of sodnim 

23 

2 X 100 X 1000 

Multiplication of the result by 600 gives the sodium content m 100 
ml of the sample If 0^ mL of serum or plasma have been analyzed 
1 ml. of N/lOO NoiOiOj correspond to 67.6 per cent sodium. 

ExampU 

0.2 ml of scrum reqnne 6.80 ml of N/lOO I^ajSsOj TTie sodium 
content of the scrum is 6.80 X 67.6 •- 333.6 mg per cent 

Approxnnatcly 00 per cent of the total kation content of scrum 
(plasma) consists of sodium It is combined mostly mth to a 

s m aller eJrtent intb HtCOi Whole blood contains 170-200 mg 
per cent sodium, serum or plasma contains 320-360 mg per cent 
sodium Ihe sodium level of blood cannot easily bo influenced 
Very large oral doses of NaQ will change the level only 8lighU> 
smee the balance is soon regulated by water drawn mto the blood 
stream from the tissues and by tmnsfcmng oxccas salt to the organs. 

The sodnim Icrv’ol is changed m febnio mfccLions especially m 
pneumonia, furthermore m diabetes insipKlus. A nso m serum Na 
occurs durmg tuberculous pleu^l-e^udntc Cushings disease and m 
cardio-ronal disease. ITio sodium 1(^x1 is decreased m meningitis 
Addison’s dwraito cxcea8i\o sweatmg acidosis (diabetes mdlitus) 
It Is hi^ during the menstrual period and during normal or patho- 
logical pregnancy As a rule the sodium content is dependent upon 
the Cl content of scrum (plasma) 

The sodium content of ^Inal fluid is identical with that of plasma. 

DnTEHiirvATIOM OF POTVSSIUU 
Delcrminaiion of Polasaium in Strum and Platma}-* 
^ncipie of the meihod Potassium is precipitated dirccll> In the 
mth Na-cobaltic nilnlc as potassium sodium-cobollic nitnlc. 
The mtnto group of this double sdt is oxidlicd b> the addition of 
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a meosured amoxmt of a known ceno sulfato solution The excess 
ceno sulfate is detenmnod lodomctncally 

R«icium equaium 

NaJCo(NO,)J + 2ir - KiNalCoCNO,)!] + 2Na 
HNOi + 2 Co(S04)i “k HjO " HNO 3 + Cej(SO 0 j 4" HiSO* 
2 C 0 CSOO 1 + 2KI - Co,(S04), + K,S04 + 21 
One potassium ion corresponds to 3NOi groups or 0 iodine atoms. 
ficopsTits 

(1) sodium coboltio nitrite reagent 

(a) for labomtones where dally potassium determinations are 
performed 5 Gm of cobalt nitrate is dissolved in 100 ml of redis- 
tilled water (see appendix) To this 2.6 mb of glacial acetic add 
and a solution of 23 Gm of potassium free sodium nltnto in 36 mi 
of redtsUUed water is added with Ico-coolmg Nitrous oode develops 
and air which has been washed with water is sucked through the 
solution until the gas evolution bos stopped The reagent must be 
kept in a wcU-closod bottle m the refngemtor, it will keep for 4 weeks 
at the most and must be hlterod before each determination 

(b) for laboratories^ where only occasional jjotasshim deter 
minations arc earned out (a) five Om- of cobaltous nitrate are dis- 
solved in redistilled anter, made up to 72J5 ml with redistilled water 
and to this 2.6 ml of glacial acetto add is added (6) 23 Gm of 
sodium nitnte is dissolved m a minll quantity of redistilled water 
and the volume made up to 7o ml 

Before use equal parte of solutions o and /? ore mixed with we- 
codmg For the rest of the procedure see above. 

The air should bo sucked through the mixture kept in a narrow 
tube. Both solutions can be kept on ice for a long time. 

(2) N/lOO solution of ceno sulfate commercial ceno snlfate has 
a vanablo content of crystal water and cerous salts. Therefore 
it IB difBcult to give exact dirootions for the preparation of a 
standard solution. The best method for obtaining a N/103 solution 
IS 08 follows 10 Qm. of pulverised cenc sulfate Is suspendod in a sm^ 
amount of water, 30 of concentrated sulfuric acid is added (1^ 
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may have to be wanned) and H is diluted to 760 mL with water 
A crystal of KI and a few drops of starch solution are added to 2 mb 
of this solution and the titer of the solution is detennmed with N/lOO 
thiosulfate The stock solution is diluted with the amount of water 
calculated from the titration to give N/lOO ceno sulfate solution 
It will keep mdefinitely 

Exampls 

After the addition of 760 ml of water 2 mL of the ceno sulfate 
solution require 2^ ml of N/lOO thiosulfate- According to the 
2 X 

formula 702 mL of the solution must bo made up to 

1000 ml 

Commercial ceno sulfate contams often acetic acid (acetic add 
vapors may be noticed) In order to get nd of this impunty the 
powdered ceno sulfate is spread m a thin layer on the bottom of a 
wxle Erienme} er flask- The flask a stoppered with a 2<hole stopper 
Air, washed Viith sulfuno acid a sucked throu^ the matenal imtD 
no more acetic odd odor can be detected- This procedure may be 
accelerated by immeramg the flask In a boiling water bath 

(3) freshly prepared approxnnalely 1 per cent KI solution 

(4) 0.26 per cent starch solution 

(6) N/lOO sodium thiosulfate 

Procedure 

One mL of hemoglobin free senun U pipetted mto a carefully 
denned pyrex centrifuge tube* and 2 ml of cobalt reagent (1) Is 
added drop by drop with shaking and we coolmg It a carefully 
overlayered with 1 mL of redistilled water without mixing to prevent 
formation of a surface film of potaasium-sodlum cobah-nltrate. The 
Bomple la left in ico water for 45-00 minutes to complete the pre- 
cipitation, whereupon it is centrifuged at high j^ieed for fifteen 

Tbe tube* arc bnttbed m Ith aaop sod water theo they are placed !q dean 
Inf aolutloD for tmenty four houra rinsed earefuUy a Ith water later* 1th re- 
dlflt water and dried at 40*C Prying at hlfber temperatore Is to bo arolded 
beeauae the glass may get small groores where the reagent can adhere daring 
tbe determloatloD Quick di^dog can be achieved by centrifaglDc the daanod 
tabes OD abeorbent colluloeo In upside down position 
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minutes- The supernatant la removed with the aid of the apparatus 
desenbod for the Na-dotennlnation (fig 24) Then 0 6 mb of ice- 
cold water is added to the precipitate and the initer is carefully 
mixed inth the remammg supernatant (avoid stimng up of the 
precipitate) After another portion of 6 ml of water has been added 
carefully, the tubes are ogam centrifuged for 10-15 minutes. This 
procedure is repeated 2-3 tonos until the supernatant is colorless. 
After removal of the water as described above, 6 ml of ceno reagent 
(2) IS added and the tubes ore heated m a boiling water bath for 
approximately tuo minutes to dissolve the precipitate Thin glass 
rods ore used for stimng If n suitable metal rack for holding the 
tubes Is available, all samples may bo boiled at the same time. After 
coolmg the contents of the centrifuge tubes are transferred quan 
titatively mto Hagedom-Jenaen tubes. A few drops of Id solution 
and starch ore added and the free lodme is titrated from a micro- 
burotto T\ith N/lOO thiosulfate till colorless. Whea large centrifuge 
tubes are used (fig 24)rthe titrarion-maybe perfenned directly m 
the centrifuge tubes. 

E-xact potassium values can only be obtained when tho scrum is 
completely free of hemoglobin. Inorxier Ui (wotd di^mion of po/oMium 
from the eryihrocyiee — the potassium content of the red cells is ap- 
proxunately ten times that of serum — the eerxm musl he eeporoled 
xmmediaiely from the ceUe After tho blood has clotted it should be 
centrifuged immediately, only fresh sera may be used for the deter 
mmation, os upon longer standing ammonia forms m the senim. 
Ammonia may also form on insoluble cobalt double salt, and thus 
interfere with tho doternunntion 

Calojlalion 

The potassium content of tho sample m mg is obtamed by sub- 
tracting the amount of thiosulfate used for tho sample from the 
thiosulfate value obtamod m the blank run multiphed by 0 071 
The blank value Is equal to tho thiosulfate used up by 6 ml of N/lOO 
ceric sulfate. Tho factor 0 071 has been detenmned cmpincally 
Theoretically 1 ml of N/lOO thiosulfate corresponds to 1 mL_of 

X 39 _ 

N/COO potnsemm solution (see reaction equation) qqq ^ “ 
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0 066 mg potaasium The factor 0 071 take* mto account the eohi 
bility of the potaasium cobaltio mtrrte 

Exampl* 

Iliioftilfata Q*ed op by the bliualc 4^ ml 

ThicHTiIfAte at«d ap by tb« Kunple 2M ml 

DlffeTenc* 2 25 ml 

2^ X 0 071 — 0 16976 mg potaasium m 1 ml of serum Multi 
plied b> 100 »=■ 16 975 mg per cent potaasnim in the analyied sample- 

Potauium Dflermtnaiton tn Whole Blood 
PrmcipZa o/ tAa method Potaaanim la determined m deprotemued 
whole blood aa described above 

Reagmte 

(1) 7 per cent tnchloracetio actd 

(2) Sodium nitrite solution 36 Gm of potaasium free sodium 
nHnte are diaaolved m 50 ml of redistilled water ^ 

All other reagents see determination of K m senim 

Procedurs 

The required number of narrow centrifuge tubes is filled with 
2,8 ml of redistilled water from a pipot (see appendix, p 388) 
"With an exactly calibrated pipet 0,2 ml of blood la taken from the 
finger tip or the ear lobe and delivered mto the centrifuge tube 
Ihe pipet is rmsed several times by euckmg up and blowing out the 
water m the tube After the addition of 1 ml of tnchloracetio acid 
(1) the tube is ccntnfuged and 2 ml of the supernatant is carefully 
transferred to a dry centrifuge tube If small protein partiolee 
should be floating m the supernatant filtermg can be avoided by 
folding a small piece of quantitative filter paper around the tip of 
the pipet and sucking up the liquid through the pipet Each sample 
reoeivee 1 ml of sodium-mtnte solution (2) to neutralue the tn 
chloracetic acii The tubes are well mixed and left at room tern 
perature for several mmutes. Then 2 ml of the cobalt reagent is 
added slowly The lemamder of the procedure is the wampi as de- 
scribed for serum and plasma 
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Ccdcxdalion 

'ITiiosulfate used up for the blank detenninotion mmas thiosulfate 
required for the sample multiplied by 0 071 equals mg potassium 
in the sample 

Exam-fit 

iUcwuJfftte tuod up bj the blaok 4^ ml 

thioiijfato used up bj the sample (eorrespoud to 
0 1 ml of blood) 3 ml 

difference 2 4S ml 

The difference of 2 45 X 0 071 resulta in a potoasnim content of 
0 17395 mg in 0 1 ml of blood, multiplied by 1000 ■■ 173,95 mg 
m 100 mL 

'Hio normal serum potassium content is 10-18 mg per cent Cere 
must be taken m the potassium determination to eeparato immediately 
the serum from the cells m order to avoid diffuaon cd K from the 
red cells mto the serum Results obtamed mth homolyrei blood 
are useless The ratio of potassium content of serum to potassium 
content of \rtiole blood is 1 10 

An mcreaso in serum K is found m all processes Trhich are accom 
panied by red cell destruction In all these cases the potassium 
content of whole blood is decreased An mcrcased potassium level 
m whole blood with unchanged eenim potaasiom is encountered m 
hyporglobuha The serum potassium is mcreased m some cases of 
diabetes melbtus, stomach and duodenal ulcers chronic arthntis, 
exudative tuberculosis, plountis, curboais of the liver, hyporpora 
thjTOidiam A physiologic nee m serum K occurs m the pfemcn 
strual etaga During the menstrual penod the potasamm content 
falls and it returns ogam to nonnal m the postmenstrual penod 
Low serum potassium levels are encountered at tunes under pathologic 
conditions in decompensated heart failure m obstructive icterus, and 
in cases of malignant tumors. 

The potassium content of ^inol fluid is practically identical with 
that of serum. 


AiQIONIA DETEHillNATION 

See determination of nonprotem nitrogen and its fractions, p 170 
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DETEHMUaTIOV OT CaLCIEH IN SeEUH 

Semmtcnhmeiho<? 

Principle of the mdhod Calcium is precipitated as calcium oxalate 
in serum or plasma. The oxalic acid bound to calcium is oxidised 
by the addition of a standard ceno sulfato solution to the dissolved 
precipitate and the access cone sulfate is determmed lodometncally 
Reaction equation 

Ca“ + (NH4 )iC, 04 - CaC,04 + SNH* 

CaC,04 + H^4 “ CaS04 + 

HtCtO* + 2Ce(S04), = Ce.(S04)i + + 2C0, 

2CeC504)i + 2HI - CeiCSO.)* + HjSO* + I* 


RenffcnU 

(1) Ammonnim oxalate An excess of finely pulverised atomopiuin 
oxalate is dissolved m dlstihed water A saturated solution is pro- 
pared by shaking m the cold or by placing the mixturo mto an meuba 
tor for a short tuna 

(3) 4 N sulfuno acid 11 0 ml of HtS 04 concentralo is poured mto 
water and made up with water to 100 ml 

(3) Ammonia solution 2 ml of cancentrsted ammonia is diluted 
to 100 ml with distillod water or better (1) 0.5 mb of tnethanol 
amin e is dissolved in 1 hter of water 

(4) N/200 cenc sulfate solution commercial ceno sulfato has 
a variable content of crystal water and cerous salts. Therefore 
it is difficult to givo exact directaans for the preparation of a standard 
solution 'Hie best method for obtaining a N/200 solution is as 
follows 6 Gm of pulvenicd ceno sulfate is suspended m a small 
amount of water 30 ml of concentrated sulfuno ncid is added Gt 
may have to be wanned up here), and it is diluted to 750 ml with 
water A crystal of KI and a few drops of starch solution arc added 
to 2 ml of this solution and the titer is dotermmod with N/200 
thiosulfate The stock solution is diluted with the amount of water 
calculated from tho titration to give N/200 cenc sulfate solutioo 
It will keep mdefiniteiy 
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Example 

After the addition of 760 ml of water, 2 ml of ceno sulfate solu 
tion require 2^ ml of N/200 thiosulfate According to the fomiula 

2 \ 

702 ml of solution must bo made up to 1000 ml 

2 ot> lUU 

(6) N/200 sodium thiosulfate solution 

(6) 1 per cent KI solution 

(7) 0 25 per cent starch solution 

Procedtar 

A clean centrifuge tube (diameter 18-20 mm , height 86 mm ) 
IB filled T\Tth 1 ml of Berum (or 0^ mL) and 1 ml of ammonium 
oxalate It la well mixed and allowed to stand for twaity four hours 
or heated for five minutes m a water bath of 66® C • After that tune 
1 ml of water is added by letting it run down along the walls of the 
tube to dissolve any ammanrum oxalate crj'Btols, and it is centn 
fugod for fifteen minutes at liigh speed The supernatant is removed 
with a suction pump, using a capiUaiy whose tip is bent to fonn 
a hook (see determination of sodium, fig 24) The precipitate is 
stirred up with a thin glass rod or the centrifuge tube is tapped gently 
with tilting against soft wood or paper until the precipitate is well 
distributed The glass rod and the walls of the tube are washed 
with 4 mL of solution (3) The tube is ngnm centrifuged for 8-10 
iTunutea and the supernatant is remov^ as before The washing 
with ammonia or tnethonolomme is repeated twice more. Finally 
the precipitate is MTished with redistilled water After the last wash 
water has been removed, the oxalate precipitate is ertirred up with 
the gloffl rod and dissolved m 0 6 mL of sulfunc acid (2) m ^ boilmg 
water bath (four mmutes) While the solution is still warm 2 ml 
of N/200 ceno sulfate solution ore added. After cooling to room 
temperature several drops of KI solution and starch are added and 
the solution is titrated to colorless with N/200 thiosulfate (o) 

Calculation 

Thiosulfate used for 2 ml of ceno sulfate mmus thiosulfate used 
for the titration of the sample multiplied by 10 represents the calohim 
content of the blood m mg per cent. The factor ia amved at as 
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foUoTVB it can be Been from the equation that one atom of Ca cor 
reeponda to one molecule of oxalic acid i o , to 2 atoma of iodme 

40 

Consequently 1 mL ol a N/200 calcium solution equals 2 x 200 X 100 
Gm «= 0 1 mg Ca, Smee 1 ml of serum has been used for the 
analysis 1 ml of N/200 thiosulfate correeponds to 10 mg per cent 
of Ca. 

Example 

ThlcMuliate used up by the blank 1 09 ml 

thloaolfate used up by the aample 0.OS ml 

differenoo 1 01 ml 

coirei^wnds to 10 I mg per cent of calcium. 

SRimncRO-irETEOD for tub Detbbuination op Calciuu in 
Liponc Seruii’ 

The method deaenbed abme ts not successful when lipemio sorum 
lb used In order to obtam correct results for lipemio sera the pro- 
teins must be precipitated and the calcium determined m the de 
protemixed fat free filtrate. 

Ecagenis 

(1) 20 per cent tnchloracetic acid 

(2) 20 per cent NaOH prepared from purest grade NaOH 

(3) methjdred-mcthylenebluQ indicator 80 ml of a naturated 
alcoholic solution of meth>lred is mixed with 20 ml of a I per cent 
alcoholic methjlcncbluo fcolution 

(4) 5 per cent acetic acid 

Other leogcnts as dc*scribed on page 113 

l*Tocedur« 

hour milliliters of wrum arc dilutcil with 12 ml of redistilled water 
and the protems arc precipitated by tho addition of 4 ml of tnchlor 
acetic acid (1) After a fe\s mmutes it is filtered through a quanti 
tath-e ashfree filter Fne ml of the filtrate (corresponding to 
1 ml of terum) is transferred to o centnfuge tube as described above 
and 1-2 drops of indicator arc added, hiow NaOH is added m drops 
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untQ a faint green color appears. In order to prevent any precipita 
tion of magnesium when ammomum oxalate is added, 1-2 drops of 
acetic acid are added until the green color changes back to red. 
One ml of ammomum oralate ifl now added to the sample which b 
treated as described above 


CaLCTHM DETEnMlNATION IN 0.2 ML. OF SeRUM 
Calcium 18 precipitated with ommonnim oxalate and after the 
excess ammonium oxalate has been removed by repeated washing 
the precipitate la dissolved m sulfunc acid The hberated oxalic 
acid IS ondixed by the addition of a known amount of a standard 
N/1000 cenc sulfate solution and the excess cone sulfate is titrated 
with N/1000 thiosulfate 
Reaction equation (see p 113) 


lUagerUs 

(1) ornmnniiim oxalate Solution, cold saturated before each 
analysis the required amount of ammonium oxalate solution is freed 
from crystals by centrifugation and the supernatant is removed 
with a pipet 

(2) approximately 4 N HiSOj, prepared by dilutmg 11 6 ml of 
concentrated HjSO^ to 100 mL inth redistilled water 

(3) ammonia solution 2 ml of concentrated ammonia is diluted to 
100 ml with redistilled water 

(4) N/1000 cenc sulfate solution prepared by diluting 100 ml 
of N/200 ccnc sulfate to 600 ml with redistilled water (N/200 cenc 
sulfato solution see p 113) 

(6) 1 per cent KI solution 

(0) 0.25 per cent starch solution 

(7) N/1000 sodium thiosulfate solution (preparation seo chapter 
Vn p 250) 


Procedure 

With on exactly calibrated pipot 0.2 ml of scrum (plasma) is 
measured out and blown mto a centnfuge tube (sec somi micro 
method) which has been filled with 0.5 ml of ammonium axalate 
solution (1) To complete the precipitation the sample is left over 
night at room tompemturo or heated for five mmutes m a \ratcr bath 
of 60® C TTien the walls of tho tube ore washed down with appnwn- 
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mately 1 ml of redistilled Trater to rano\e any ammonium oxalate 
crystals and it is centrifuged for fifteen minutes at 3000 r p jm The 
supernatant is carefully removed by suction (iratcr pump) with the 
aid of a capillary pipet bearmg a hook-ahaped tip (fig 24) Care must 
be token not to stir up the precipitate. Three ml of ammonia solu 
tion arc added the tubes ogam centnfuged and the supernatant 
removed as described above. This procedure is repeated tmee 
more The precipitate must not be stirred up durmg tho process of 
washmg Now the precipitate is dissolved m 0.5 ml of sulfuric acid 
while stirnng with a thin glass rod, to accelerate the dissolving the 
sample is heated m a boiling water bath After cooling to room 
temperature each sample receives 2 mL of ccnc sulfate and fa allowed 
to stand for at least three mmutes. With a few drops of KI solution 
and starch the sample fa titrated to colorless with N/1000 thiosulfate 

Calculation 

Thiosulfate required for 2 mL of cenc sulfate solutloo minus thio- 
sulfate used up b> the sample multiplied by 10 results m the calcium 
content of the serum m mg per cent (calculation b detail see under 
calculation, p. 114) 

Since the red blood cdls are free from calchim there is no need 
to determme the calaum m \riioIo blood 

Tlio normal calchim cootent of scrum » &-11 mg per cent, that of 
plasma fa usuollj 0.5-1 mg per cent lower Tho calcium m scrum 
exists m two physiologicailj different forms the Ca which can be 
dmljTcd and tho Ca >\hich cannot bo dial^iod and which fa probably 
combmed with tho scrum proteins. The diaJjnable form — probably 
the ph)-8iologicallj acti\ c fraction — amounts to approximately 4a-n5j 
per cent of the total Ca content of tho scrum (4.5-5.5 mg per cent) 
Tho dml>iablc form fa practically identical ^ith tho calcium content 
of spmal flukL 

High Ca lex els arc found b 

(1) hjqxirparathjTOidism Vftcr injection of parathjToid hor 
mono tho calcium lev cl will n«c 

(2) osteitis fibres (Recklmghauscn s disease) (12-10 mg. per 
cent) 

(3) during hj-pcnitambosis (Mtoram D) after mgestion of the 
ntamm preparation iV.T 10 

(4) some cases of nophnlis wb uremia 
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(6) multiple myeloma 

(6) polycjrthemia vcra (unknown reason) 14-18 mg per cent 

(7) extensive emphysema 
Low calcium levels occur m 

(1) hypoparathyroidism 

(a) mfantile tetanj and apasmophiha often connected with 
ncketa 

(b) tetany tc^ther with OBteomalaoin 

(c) idiopathio juvenile tetan> 

(d) tetany after parathyroidectomy, boraotimes after thyroideo- 
tomy 

(2) vitamin 1) deficieiic> m many cases normal Ca levels and low 
serum pho^hate levels maj be found 

(3) i^irue, kala osar 

(4) ladney diseases 

(a) nephroses (6 7-9 1 mg per cent) chaxaotensed by low 
non-dialvsable Ca with normal values for dialysable Ca 

(b) ncphntis in cases wfaloh do not tend to form edema a bw 
Ca level IS occasionally encountered In advanced cases with 
uremic symptoms the Ca level can drop to 4-0, mg per oent and at 
the same time the morganic phosphorus may nso to 12-20 mg per 
cent 

(6) hypoprotein emift 

The Ca content of spinal fluid corresponds to tho value obtained m 
Berum ultrafiltrates. 

Maonebium Deteriunation 
Cdonmctnc DtitrmxnaUon* 

Principle of the method The calcium ifl precipitated with ammonium 
oxalato and then the magneeium na magnesium-ammonium phosphate. 
The phoephorua content of the precipitate la detenmned and from 
this value tho magnesium content of tlie ongmol aample a cal 
ciliated. 

ReagenU 

(1) cold saturated ammonium oxalate solution 

(2) 2 per cent ammonium phosphate Bolution 

(3) concentrated ammonia 

MflJnly according to W Donnie Journ Biol Chem 51 411 1932. 
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(4) dilute (2 per cent) ammonia solution 10 ml of concentrated 
gjnmfmm is diluted With water to 100 ml 

(6) 10 N sulfuno acid, prepared by adding 279 ml of concentrated 
HiSO* to about 600 ml of redistilled water and makmg up to 1000 
ml after cooling 

(0) sodium molybdate reagent 7^ Gm of sodium molybdate 
(analytical reagent) are dissolved m a 100 ml volumetric flask m 
redistilled water and made up to the mark with water Should this 
solution bo cloudy it must be filtered through an ash free filter 

(7) stannous chlonde reagent 

(a) stock solution m a 25 ml volumetno flask 10 Gm of SnClt 
are dissolved m a few ml of concentrated HCl and the volume m 
made up to the mark with concentrated HCl A few pieces of metal 
Iw tm (phosphorus-free)* are added to this solution to prevent 
autoixlation of SnClj accordmg to the formula SnClIi -}- Sn = 
23nCl} This solution when stored under refrigeration will keep 
indefinitely (see detennmation of phosphorus, p &1) 

(b) working solution before use the stock soIutiOD is diluted 
the degree of dilution is found by determmmg the concentration of 
the stock solution. 0 1 ml of SnCb is placed mto a 60 ml \olu 
metric flask and filled up to the mark with distilled nnter Five ml 
of N/200 ICIOj oie placed mto test tubee (diameter 2 6 cm ), KI is 
added all is well mixed and I ml of dilute SnCh solution n added. 
After some seconds the liberated Kxluie is titrated with N/200 thio- 
sulfate till yellow and after addmg some starch the titration is con 
tmued untn the blue color disappears. In the same way 2 blank 
\aluea are titrated inthout SnCI». nie dllTcrence between blank 


and full \alue multipbed by 0J0» - X f(^’^ 

mg SnCli m 1 ml of the dilute solution Accordmg to Kuttner 
and Lieclitcnstem tlio SnClj solution should contam 2 mg SnCli 
per ml From the titratkm results the dilution factor la calculated 


and the solution diluted aecordingl} 


I'xnmpU 


tJanV. tbIuc needn fi 0 ml thlMolfatc 

foil Talue netiit 2 S ml lhlcmilf*lc 


dllTcrcncB 

2.2 X 0.602.^ - 1^75 


2 2 ml 
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1 ml of tlua Bolution thus contains mg per cent Snd* From 
the proportion ~ the mnomit of SnCh solution la found 

0 ^ 

which must be dfluted to 50 mL In this case (t ■■ ■■ 0 16) 

0 10 ml must be diluted to 60 ml As the concentrated solution is 
nearly constant, it should be controlled once m a time, respectively 
o\ ery time before use, if the estimation is earned out only occasioonlly 

If only occasional Mg or P determmaticniB are to be performed 
it IS advisable to prepare the working solution which will keep only 
for one day, shortly before use os follows on on ordinary balance 02 
Gm SnClj is weighed, dissolved m a 200 ml volumetric flask m 1 
ml of concentrated HCl and made up to the mnik with redistilled 
water 

(8) pho^hono acid standard solution 

(a) Bt^ eolation 1,6256 Gm NajHP04 X 2HiO (secondary 
sodium phosphate according to Soerensen) or 1 1004 Gm, KHjP04 
(weighed on an analytical balance) is dissolved m a 600 ml volu 
metric flask m some 10 N HfSOi (6) and filled up to the mark with 
the same acid Tins solution will keep for a long period of time 

(b) working standard 

(a) for the Dubosque coloraneter Forty five ml of 10 N 
H1SO4 is added to 5 ml ^ stock solutiooi in a 100 ml volumetric 
flask and the volume is made up to the mark with water Two ml 
of this dilute standard solution correspond to 0,5318 mg of phos- 
phorus or 0 04172 mg of magnearum 

0) for the Helhge colorimeter Forty mL of HjS04 (5) are 
added to 10 ml of the stock solution m a 100 mL volumetno flask 
and made up to the mark with water Two ml of this solution 
correspond to 0 lOCGO mg of phosphorus or 0 08344 mg of mag 
ncsium 

(9) ^/l NaOH 
Procedure 

Two ml of serum (plasms), 8 mL of redistilled water and 1 ml 
of ammonium oxalate solution are placed in a centrifuge tube and 
left over night at room temperature (to complete the Ca precipita 
tion) After ceitnfugmg 5 ml of the door supernatant are tmns- 
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forrcd to ft centrifuge tube mftrkod at a pomt indfcfttmg 8 m3 The 
precipitate may bo used for Ca dotenamation (see p 113) To the 
Bupematant 1 ml of ammonium phosphate solution and 2 ml of 
ammonia are added, well mreed with a thm glass rod, and the tube 
IS placed mto a water bath of 80* C for five mmutes. Then the tube 
is b^tly corked and allowed to stand over night. ITie next day it la 
centrifuged at high speod and the supernatant is rcmoi’cd as de- 
Bcnbod for Na-detcrmination (p 100) Now 0 ml of 2 per cent 
ammonia are added to the precipitate of magnesium ammonium 
phosphate the lube is again centrifuged and the supernatant caro- 
full) removed This procedure m repeated twice more. After the 
last separation 1 mb of N/1 NaOH is added to the precipitate and 
the tube is heated m a boiling water bath until rod litmus paper docs 
not turn blue when exposed to the \apors. One mb of 10 N HiSOi 
ts slowlj added to the hot sample to dissolve the preerpilate After 
cooling it a mode up to the mati. with rcdlstiUod water, at the same 
time 2 mb of dilute standard solution m a similar tube are diluted 
with redistilled water to 8 ml To the unknown sample and to tho 
standard 1 ml of sodium molybdate solution and 1 mb of dilute SnClj 
solution is now added After epproximatoly two minutes the moxi 
mum color faitcnsit> is established and tho color will nanam stable 
o^er a considemblo period of time. 

Calnilalion (a) for tho Dubosquo colonmolcr 

reading of tho standard X 0 01172 
reading of unknomi sample 

“ mg. of Mg m mk of sonnn. 

reading of tho standard X 001172 X 0 X 100 
reding of unknonm sample X 10 
rcfuling of tho standard X 2^ 

" T> 1 — ; , — " mg. per cent magncHium 

reading of unknm\-n sample 

Ejnmple 

rroJinR of atandord 30 Oram. 

rr^IoK of aoLnown 17.fi mm 


djffemifo 


Tnm, 
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the magneanim content of the analysed sample 

17 6 

mg per cent. 

Calculahon (fi) for the Hellige colonmeter 


100 • 


X 008344 


2x6 

• mg. magnesium m — ^ — mi benim. 


y 

(100 - y) X 0 08344 X 0 
100 

(100 - y) X 0.60004 
100 

(100 - y) X 6 
100 


colonmeter readmg 

mg. magnesium m 10 mL of serum 


mg. magneanun m 10 mL of serum 
mg. per cent Mg. 


ExampU 

colonmeter reading 44, ^^55 — ^ ^ 


“ - 2^ mg per cent Mg 

Tttnmetno Maffnemtm Ddermnahcn^^ 

PnnapU of the method Magnemum la precipitated with oxyqumo- 
Ime m the form of an maoluble compleoc salt Mg(CtH*ON)i X 2HiO 
At a certam pH and temperature the calcium remains m solution 
The preaprtato of Mg-o-oxyqumohne is dissolved m HCl and the 
cccyqumoline content is determined by bromination 


Mg + 2RO-Y N 

^ + 2NH«OH - 


HBrO, + 5HBr - 3Br, + 3H,0 
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2Br, + 



+ 2IIBr 


Br, + 2KI - Ii + 2KBr 


UcaffOitB 

(1) 20 per cent tnchloroectic acid 

(2) concentrated animcram 

(3) ammonhim chlondo p a 

(4) S-ortho-oxj quinoline, 4 per cent solution m 00 per cent ethanol 
fn>hlj prepared for each analyaw 

(5) } per cent ammonium acetate aolution (u4th ammonia) 6 Gm 
of ammonium acetato la di'‘‘=oK*cd in 100 ml of distilled ivatcr and 
cnoiiRh ammonia is added to obtain an aUmbno reaction to plienol 
phtiialcm 

(0) dnutoIICl 

(7) W per cent pota«num bromide solution 

(8) \/l00 potavulum bromato solution 278 mg of K.BrO» u 
«li*^\ ed In 1 liter of nutor 

(0) N/200 f«>dium thio^ilfate solution 

(10) ICI crystals 

(11) 0^ per cent starch solution 


Procrdtirc 

In n centnfuRO lube 1 ml of scnim arc dilutcil with 3 ml of di»- 
tniod water, 3 ml of tnclilonicotio ocki is added and the tube is 
ccntnfuge<l at high specs! Tlirec ml of the dear supernatant (cor 
responding to 1 ml of scrum) are rcmoied inth a pipet and tran<i- 
frired to a clean, drr test tube To this 0 I Gm of ammonium 
rhlorwle Is afhlc<l and the tube is p!ace«I Into a >rnter bath of SO C 
for file minuter Two tenth (Oil) ml ofofre^hh prepared 4 percent 
owqumolmc solution and npproMmaleh 0 I ml of ammonia ore 
then n<Mcd to the worm solution (until the color rhnnKc> from bfdit 
Ndloiv to dark \t11o\\) To speed up (he pifcipitatron of the mac 
nc'iiim fiuinolinc comph x the solution i iitII for one minute 

with a thin p\ rex rod or a plntiiiuro uin Tlie sample is apaln 
plicr»l into a nater Inth of ^ C and It l^ slosh hrouchl to boi! 
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The tube js left m the bo&mg water bath for 1 minute. Now the 
sample is filtered through a Pregl filter (fig 25a) while still hot 
To avoid the formation of a precipitate along the walls of the 
filter tubing the apparatus is nnsed uith hot water immediately be- 
fore use. The filtration is performed a* foUon-s The test tube con 
taming the precipitate is connected to the filtering apparatus and 
the precipitate is remo\ od with the siphon The tube ts washed 2-3 
times with hot amn-ifiniiim acetate solution and the wash water is 
filtered m the same manner Then the filter is removed from the 
suction flask and placed upon a clean wido-mouthed tube (Hagedom 
Jensen flask) or any suitable tube and secured b> way of a 2-hole rubber 
stopper (fig 26b) The precipitate » now dissolved m dilute HQ 
Any magnesiiim precipitate adhering to the walls of the test tube 



IS washed twice with 2 ml each of hot HCl and this acid is also 
sucked through the filter The filter is removed from the tube (or 
flask) and the stem is nnsed with water The filtrate (magnesium 
salt solution) is allowed to cool on accuratdy measured amount of 
potassium bromate solution (2-3 ml ) and 1 ml of potassium bromido 
solution are added, the vessel covered with a watch glass and left 
at room temperature for bovctoI minutes. After the watch ^nss 
has been nnsed off with water, a few crj'Stala of KI and a few drops 
of starch solution ore added and the liberated iodine is titrated with 
thiosulfate till coloriess. 

(Prcporation of the filter tubes The empty filter tubes ore filled 

vsTth dr> clean asbestos, the asbestos 18 pna^ together with a sharp- 

edged bent jrinM rod care bomg token that the asbestos paste fills 
up the entire space of the filter especially along the ^ass wall 
Now the filter is placed upon a suction flnwk and finely suspended 
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asbestos 15 sucked through with the water pump The filter is now 
washed succc^siv-clj mth chromic ocid sulfuno ncid water, dilute 
hydrochlonc acid ammonia Before each deterramatioQ hot miter 
should be filtered through as mentioned abo\c,) 

CaladxUion 

Thiosulfate required for the blank (2-3 ml of bromato solution 
4- dil HQ 4* 1 ml of IvBr) mmus thiosulfate required for the sample 
multiplied h} 001 j 2 gi\*ca tho magnesium content of the sample in 
mg Tho factor 0 0Io2 is obtomed from tho formula according to 
which 8 bromine atoms correspond to 1 magnesium atom If 1 ml 
of scrum is u«cd 1 ml of a N/200 sodium thiosulfate solution cor 
, 24^2 

responds to g 200 X 1000 “ per cent magnesum. 

Example 

blank valcM (thiovulfato reqxurcd b> 3 ml of KBrO’ + KDr + Hd 

6JO ml 

fan ralan (thlotul/ato r«qalrod by tbe tample) 3XC ml 

different Iff) ml 

1 00 X 1^2 ■■ magnesium content of 2.8SS mg per cent 
Tlio normal magnesium content of scrum is 2 0-2^ mg per cent, 
that of whole blood is 3.0-4 0 mg per cent Tho magnesium level 
rises during sleep or after hca\’> plij-sical labor Tlicro is no nso b 
rmgnc^ium level m ca-scs of poisonmg bj sedatives. A high magne- 
sium lev cl can bo encountered in mvo'Uicnla and during pcnodic paml 
VMS of tho extremities which maj be connected with an occasiona!l> 
occurring Ihvmus pcrsi«lcncc and In uremia A small rise maj be 
found in h)q>crten4on, hvqxjrlrophlc artlmlls and alter the mjcclion 
of pamtlivroKl hormone Tlni ri-c reaches Its maximum alicad of the 
calcium peak tind suli-ides again after one hour 

Tlie magne-mm content of spbal fluid Is somewhat higher than 
tlial of scrum 

InoN DnxnvtiNvnoN'* 

Iron fklcrmtnatton in II hole Blooi{ 
rnrinpfr of (hr method H> digestion of the hlorxl with hvdrogen 
prrovide the iron iv converted bto the feme form The digestion 
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reaidue is transferred mto the Pamns-Wagner apparatus winch has 
been modified for this purpose (see fig 47) After a potamum 
iodide solution has beoi added, the lodme liberated by the reduction 
of feme iron to ferrous iron is steam distilled mto sodium hj’droxide 
plus Bodnira sulfite- Hie sodium iodide is oxidized to lodate and 
titrated with thiosulfate after the addition of IQ 
Reaction equation 

Foj(SO0j 2KI ™ 2FeS04 + RjSO* + Ii 
Ii + SBr* + OH,0 - 2HIO, + lOHBr 
HIOj + 6HI - 31. + 3H,0 


ReagenU 

(1) 2 Gm of ammonium milfato ond 0 05 Gm of titanium hjdrox 
ide are suspended in 50 ml of water and dissoHcd b> the addition 
of 33 ml of iron free concentrated sulfuno acid Whoi cool the 
solution IS made up to 100 ml inth water 

(2) HjOt, 30 per cent (superaxol) 

(3) potaaeium-ca<lrauim iodide 20 Gm of cadmium sulfate is 
diasoUod m anter and made up to 100 ml This solution will keep 
indefmitel> Before use 1 Om of IQ (purest grade, lodato-frec) is 
diseohcd m 10 ml of tlie cadmium sulfate solution 

(4) (a) ^/l ^aOH 

(b) 2 per cent sodium sulfite solution (will keep only for a 
short ainle) Before use 20 parts of solution (a) ore mixed with 
16 parts of solution (b) 

(6) sulfuric ncid for neutmbiation In a 1000 ml ■volumetric flask 
11 ml of concentrated HtbO^ is poured into some water and made 
up to the mark after cooling 

(0) indicator 16 rag of mothjlred la dissolved m 10 ml of 
NaOH and made up with water to 1000 ml 

(7) sodium acetate solution, 16 per cent 

(8) bromine m glacial acetic ockI 0 ml of bromme for 100 ml 
of glacial acetic acid 

(9) concentrated formic acid 

(10) potai>sium iodide 

(11) N/200 Bodmm thiosulfate solution 

(12) 0.25 per cent starch solution 
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Proctdurt 

With a capillarj pipet 0 1-0^ ml of blood la drawn from the 
finger tip (or oralatod blood is used) TTie oiitado of the pipet m 
vnped deiin and the contents arc dehvored mto a microkjeldahl 
flank, containing several glass beads to prevent bumping (a am all 
piece of glass wool may be used mstoad of the beads, the glass wool 
must be washed first with cleaning solution and then with distilled 
water and it must be thoroughly dried) The pipet is rmsed with 
a few drops of water After the addition of a few drops of the diges- 
tion add (1) and 0 1 ml of HiOj the flask la heated slowly at first 
and later on stronger until the white sulfunc acid fumes disappear 
The digestion is mterrupted at this pomt the mixture is cooled 1 ml 
of Buperoxol is added and the flask is ogam heated imtil the orange- 
red color (sign of HjOj) has disappeared. Titanium sulfate and 
HjOi will form a red pertitanic acid fperoxodisulfato-titanio acid] 
accordmg to the formula 

TSO, + HA + H,S04 = (Ti0,(S04)jH» + 

After cooling the residue is diluted with redistilled water If a red 
color appears agam due to traces of HjOj left on the neck of the 
flask the digestion most be repented as H|Oi mterfores with the 
lenctiMi (ondation of potassium iodide) Now the sample is trans- 
ferred quantitativelj into the apparatus with the aid of the funnel 
(b) (see fig 47 p 274) The stopcock is closed and steam is blown 
throu^ the appiamtus from the flask (m) until all air has been ex 
pclled This can bo recognised by the fact that the tube gets hot 
at (k) and no more nir bubbles escopo through the receiver tVith 
the stopcock m suitable position 2 ml of potassium-cadmium iodide 
(3) are added drop by drop through the funnel Two mh of the 
alkaline sodium sulfite solution (4) are placed mto the recei\cr flask. 
The distillation is earned out for 2 mmutes with the tube (1) roach 
mg under the surface of the bquid in the recorvor flask Af ter that 
tune the receiver Ls lowered and the distillation is contmued for two 
more mmutes- At the end of the distillation 6 drops of the mdicator 
(0) are added to each recci\'er flask and dilute sulfunc acid (6) is 
added drop b> drop till the reaction is famtlj acid. To each flask 
3 ml of sodium acetate and bromme-glacml acetic acid is added from 
a droppmg flask until the brown color (bromme) persists. After 
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1-2 minutes formic nrid is added m drops until the bromme color 
diaappearB. The bromine vapors (if present) are removed by suction 
■with a ^vateT pump and 2 ml of sulfunc acid (6) is added After 
the addition of a few crystals of Kl and starch solution ns mdicator 
the liberated lodme is titrated with N/200 thiosulfate to colorless. 

After each determination the apparatus must be washed with re- 
distilled ivater, the water being sucked through the inner tube of 
the condenser with a water pump 

If organs are to be digested 1 ml of concentrated nitnc acid is 
added to the digestion acid and after the water has evaporated the 
sample is treated as described above. 

Tbe digestion may also be performed as follows, omitting the 
HjOi and titanium hydronde which is difficult to obtain m a form 
readfly soluble m omds 

Instead of reagent (1) reagent A is used 33 ml of iron free HjSO* 
concoitrate is added to water m a 100 ml voliimetno flask and after 
ooolmg made up to the mark with water 
TTiwt.Pfld of reagent (2) the following reagents are used 
reagent B) HNOi concentrate p.a. and 
reagent C) 10 per cent urea solution 
otherwise as described above. The digestion is modifled os foUoxrs 
With a capillary pipet 0 1-0.2 ml. of blood are drawn from the 
finger tip (or oxalated blood is Used), the outside of the pipet is 
wiped clean and the blood is delivered into a mioro-Kjeldahl flask, 
containing several gloss beads. The pipet is rinsed with redistilled 
water After the addition of 2 ml of tbo digestion mirturo (A) and 
1 mL of HNOj (B) the flunk is heated gradually, until the nitnc add 
and sulfunc acid fumes have disappeared If the roeidue is still 
colorod after coolmg, 1 ml of HNO* is added and the digestion 
repeated After cooling 2 m! of urea (C) ore added to destroy an> 
possibly present nitrous acid Tlio contents of the flask are then 
carefully transferred mto the funnel of the Pamos-Wogner apparatus 
(fig 47, funnel b) and the procedure is continued as described above. 

Calojlation 

Thiosulfate value for the sample rmnus value obtained for the 
blank multiplied by 0 0406 gives mg iron m the unknown sample. 
(Together with the analysis 1 or 2 blank dotenmnations ore earned 
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out If the analyins is done carefully and if only the purest grade 
reagents have been used no iodine M Ubrated m the blank runs and 
the blank value is 0 ) Ihe factor 0 0100 is calculated from the 
reaction equation, which shows that 1 atom of iron corre^onds to 
6 atoms of lodme- Consequently 1 mL of N/200 thiosulfate solution 
55 84 

is equal to g x 200 X 1000 " ® mg Fe. It is mnltiphed by 
1000 to obtam the result m mg per cent For 0 1 ml of blood being 
analysed, (me ml of N/200 sodium thiosulfate corresponds to 40 6 
mg per cent for 0^ ml of blood the corre^ondmg concefitration 
la 233 mg per cent 

Example 

03 ml of blood recpiire 2 15 ml of N/2X) thiosulfate blank value 
■■ 0 Iron content of the blood — 2 15 X 233 — 60.09 mg per cent 

Irm Ddemanatxon tn Sman 

PnnapU of Oie method. The total non-bemin iron o4 se r um is 
conveii^ into the krmxed form and can be found m the deprotemised 
filtrate of the tnohloracetio acid precipitation. After the reduction 
with hydroqumoce the iron is detcnnined cdonmetncaHy at pH 
4 0-43 as ferrous-phffliantroline complex salt 
Method (a) according io HeUmever and Ploetna^^ 

ReagmlB 

(1) ONHCl HCl cone p.a (xmtains traces of iron and can be pur 
ified by distillation over (concentrated HtSO* and absorbing the HCl 
gas in distilled water TTie distilling apparatus must bo made entirely 
of gbuw 

(2) Twenty per (»nt tnohloracetio sckL The purest grade of 
CCUCOOH csontams traces of iron and can be purified by vacuum 
distillation 

(3) One per cent pbenantrolme or dipyndyl solution (p 263) 

1 Gm + 100 ml of water, 1 drop of concentrated HiSO« added 

(4) Two per cent hydroqumone solution 2 Gm. of pure hydro- 
ejumone m 100 ml of water plus 1 drop of csoncentrated HjSO* 
This solution will keep for a few weeks when stored m a dark bottle 
m a refrigerator it most be discarded when a brown color appeori 
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(6) One per cent mtrophonol 1 Qm of p-mtrophenol in 100 mL 
of 90 per cent alcohol kept m a dropping bottle 

(0) Twenty per cent ammonia pji 

(7) 0 6 N HiSO* prepared by dihitmg 1 4 ml of concentrated 
Hi ^4 in 100 ml of water 

(8) acetate buffer solution pH 4 0-45 25 ml of glacial acetic 
acid and 25 Grm of sodium acetate arc made up to 100 mL with 
water Test 5 ml of buffer solution aliould not gire a yellow color 
with 1 drop of p-mtrophcnol 

(9) Iron standard solution to contam 1 7 of iron per ml 0 7023 
Gm of ferrous ammonium sulfate (hlohr s salt) are dissolved m 
100 ml of 1 per cent HiSOi m a 1 bter volumetno flask and made up 
to the mnri>. with water One ml of this solution is placed mto a 
100 ml volumetno flask, acidified with a few drops of HCl cone and 
made up to the mark with distilled water 

Smee the amount of iron to bo determined is only 1-2 7 the 
anrdyais must be performed very carefully and all contnmmation 
with iron has to bo a\oidcd All gloss nare used must bo treated 
with HCl and rinsed with distilled nater The filter paper must 
bo iron free A hard filter (Whatman Nr 30) \ihich is used may 
contam tmeea of iron and should be washed soreml tunes with 10 
per cent HCl and water After suitable woshmg the same filter 
may be used over again 

Blank dotenmnation if the determination is performed according 
to the description usmg 2 ml of water instead of scrum the color of 
the blank should not exceed the color obtamed by mrong 05 7 of 
iron m 6 ml of water with I drop of phenantrohne and 1 drop of 
hy’droqumone. 

Procedure 

One ml of HCl (1) is added to 2 ml of scrum or plasma (slight 
hemolysis will not mtorfero) m a "mnll Erlonmoy er flask or test tube, 
well nuxod and allowed to stand for ten mmutes. After the addition 
of 2 ml of tnchlomcctio acid (2) the flask is left standing for another 
ten mmutes whereupon the mixture is transferred to a centnfugo 
tube and centnfugod The supernatant is filtered through a small 
iron free filter mto a graduated 10 ml gloss tube. Between 35 and 
35 ml of filtrate ore obtamed 0 05 mL of phenantrohne eolation 
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(3) 0 1 ml of hTdroquilione Bolution (4) and 0 05 ml of mtrophenol 

(6) are added to the tube xveU imxed and ammonia (6) la added 
alowiy drop by drop At first the pink color of the phenantrolme 
eomixrand appears, after a few more drops the definite deep yellow 
color of the mdicator can be observed At this point sulfuno acid 

(7) ifl added drop by drop untfl the yellow color diaappeors and the 
pmk color is again viaible. After the addition of 0^ mh erf acetate 
buffer (8) the volume m made up with water to 5 mL and the color 
IS read after five mmutes. The color ivill remain amstant for several 
hours and the reeding need not bo done immediately Two ml of 
standard solution (0) in a centrifuge tube are mixed with 1 mL of 
HCl (1) and 2 ml of tnchloracetio acid (2), then centrifuged and 
filtered The some amount of this filtrate os serum filtrate obtamed 
M treated exactly as described above. 

Standard and sample are read m the colorimeter m a microtube 
throu^ a 30 h 50 mm deep layer TTie accuracy of the reading can 
be enhanced by msertmg a green filler (abeorption at about 500 ;i) 
If the blank ^ oluee fall below the mdicated figure amounts down to 
40 y per cent may be determined with an accuracy of 5-10 per cent 


Example 

rcadmg erf the standard In the colorimeter 
readmg of the unknown sample 


30 X 100 
204 


- 114y% 


30 Tnm 
26 4 mm. 


tor better reading hee clectro-photocolonmeter, p 308 
Method (6) according to Barkan and Walker^ 

Reagente 

(1) HCl 1,2 per cent aqueous bolulion 

(2) tnchlomcetic acid 10 per cent aqueous solution 

(3) sodium acetate saturated solution 

(4) 2 M acetate buffer pH 4A prepared by muring 90 vd of 
2 M sodium acetate and 110 \’oIumes of 2 M acetic acid 

(6) hydrarmo sulfate 1 per cent solution m 2 M acetate buffer 
pH 4A This solution must be freshly prepared daily 

(0) o-phenanthrohne monohyxlratc 0 1 per cent solution m water 
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Tho preparation may be warmed to accelerate solution It should be 
discarded if an> color appears 

(7) Iron standard see under method a) p 129 
Procedure 2 ml of serum or plasma are measured mto n short 
nmless test tube (not a comcal contnfuge tube, on account of the later 
difficulty m rcmo\'ing tho precipitate) One ml of 1^ per cent HCl 
IS added, the tube stoppered and kept at 37® C for one hour When 
cooled to room temperature, 1 mL of 20 per cent tnchloracetlo acid 
IS added, raised cautiously but thoroughly and loft standing for one 
hour at room temperature The tube la covered with tm foQ and 
centnfuged (3000 r p^ ) for fifteen mmutes. To 2 mb of dear super 
nntant fluid are added m succession 0^ ml of saturated sodium 
acetate solution, 0^ ml of buffered 1 percent hydraxme sulfate solu 
tion and 0^ ml of 0 I per cent o-phenontrolmo monohydrate solution- 
Two ml of iron standard are treated m tho samo way Proceeding 
and calculation see under method a) 

Traoos of hemoglobin m the eenim or plasma wiD not mtrodace an 
error m this procedure Hemoglobm is precipitated with tnchlor 
acetic acid The iron of pscudohomoglobm (about 4 per cent of the 
hemo^obm iron) ts ^lit ofl by the meubation and appears In tho final 
result This is hori ever of significance only m groasly hemolysed sera. 

The iron content of whole blood of a normal person varies between 
46 and 60 mg per cent it is dependent upon the hemoglobm content 
and it Is elevated in pol>globulia and lowered m anemia. 

The iron content of scrum m a normal male la appruTimatoly 130 y 
percent m females approximately 100 7 per cent It vane* consider 
abl> m normal persons (80-176 y per cent in malca 70-160 y per cent 
m females) There arc only a few figurae available for ohildron but it 
scans na if tJio values tend to bo lower than those for adults. Values 
bdow C6 7 per cent and above 190 y per cent for males and below 5o y 
per cent and above 176 y pier cent for fomales must be considered 
pathologic Tho scrum level of iron is lowered m all ane mias with 
iron deficiency, often m jxTmciouB anemia during remission and m 
various infectious diseases It is elevated m hcanolytic processes, 
shortly after transfusions and after massive therapeutic iron dosage, 
often m iHsrnicious nnfTnin. and m aplnatio anemia. 
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Chapter V 

Determination of tlie JNonprotem- 
Nitrogen and its Fractions 

As nonprotein mtK^eu arc classified qU nitrogen compounds of 
blood (senim, plasma) Tvhich ore not precipitated bj protein pre- 
cipitating agents. * 1^0 most important of those compounds are 
urea ammonia, amino acids (free and combmed), unc acid creatine 
and creatmme, mdican, undetermined nitrogen 

DETERUIIfATION OF NonproTETN NiTROOEN 

Tttnmelnc Semt Mteromdhod tn Scrum and Plasma with DisUUalton 
PnnapU of the method In the protem free filtrate the omido-botind 
mtrogen is converted into ammonia The ammonia m bbemtod bj 
strong alkab and a dtstillod intoaknoa-n amount of hj*drochlonc acid, 
containing potassium lodat© The excess HCl a determined loclo- 
metncoll) 

Readton equoHon 

2RHNH, + 2H,0 + H,SO. - 2ROH -f CNH4),S04 
(NH 4 ),S 04 + 2NaOH - NaiSO* + 2NHi + 2H*0 
NH, + HCl - NH^Cl 

The excess HCl is determined lodometncallj according to 
RIO, + 5KI -h OHCI - 31, + 3H,0 + OKCI 

ReaifcnU 

(1) 20 per cent tncliloracotio acid 

(2) copper sulfato-eulfuno acid mixture 10 Gm of copper sulfoto 
IS dis8ol\^ m 600 ml of water and to tba solution is added carefnllj 
and with cooling 600 ml of concentrated H,S 04 

(3) 33 per cent KOH (ammonia free) Rjeldalil alkali 

(4) lodatc-hydrocUlonc acid In a \ oluraotnc flask 200 ml of 
N/10 HCl or N/10 HtSO^ ore mixed inth 100 ml of a 4 per cent 

134 
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potasBimn lodate solution and made up to 1000 ml with distilJed 
water The solution will keep for a long penod of tune 

(6) N/lOO neutral sodium thioeulfate solution 

(6) KI crystals 

(7) 0^ per cent starch sohition 

A modified Famas-Wagner apparatus^ (fig 26) is used for the 
determination of non protem mtrogen according to this method, 
it IB also used for the determination of urea (p 163) 



Pio 26 Alodifipd Wagner dbiiihsg spperato* for tbe dotennina 

Uon of nonprotelo nitrogen and area 


Traces of H|S and other sulfur compounds ongmating from the 
rubber tubing can interfere senously with the distillation of wmflil 
amounts of ammonia such os occur m these determinations. To 
e.xcludo this source of error the ascending part (a) of the condenser 
foUcming the last rubber tubmg connection is filled with silver wool 
Anj possible traces of HjS ore retained through AgjS formation 
No metal candenscre must bo used m this method It is moat un 
portant that the connection between dwtDlmg flask and condenser 
consists of a wxiW fittmg ground glass jomt. A ghuw vessel A is 
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inserted Ixitn-ccn steam Ronomtor and condenser ^hich is filled mth 
Bodmm pormutiLo and winch w closed at Uio bottom mtli a perforated 
glass plate or pooch cniciblo plate and closed at the top witli a porce- 
lain filter plate Tills vobsoI Is Biirroimdcd by a glass jacket C, bear 
mg 2 Bide arms. Tlio water coming from the condenser surrainds 
the permutite vcH«tol and drains without making contact with the 
pormulito IJoUi vessels aro closcil at tlio top wltli a one-hold rubber 
stopper through winch leads a T tul» One arm of tlio T tube (t) 
Is connected with the steam gonomtor, tlio current of water bomg 
regulated uitli a clomp la tins manner a constant water level in 
the generator is maintained Tho oUior arm of the T tube (0 Is 
used to waali tho digestion fiask Tlio water used for washing or for 
refilling of tho gonomtor is forced through tho permutite voasol (A) 
and is tluis froc<l from ammonia Tins apparatus permits tho uso of 
lapwntcr for tlio doicrmlnation A small amount of silver wool may 
bo ad(lo<l to tho pormutito In order to avoid tlio growth of olgno In 
tho ammonia rich permutite or along tlio ^vnll8 of tlio water jacket 
(oligodynamic effect of sliver) 

TIkj apparatus must bo steamed out before each analysis. To 
tins purpose clamp 1 Is opened, clamp 2 is closed Iktwccn deter 
mlnatlona It sufficca to wasli tlio apparatus \Tith uatcr, Uh 3 flame a 
removed from tlna steam gonomtor and the rceultmg negative pressure 
■uill suck Uw bquul from tho distilling flask bito tlio collector A 
few ml of water ore introduced through tho funnel T and ogam rc- 
moNod by suction Tho wnsliing Is ropcate<l 2-3 times Now tho 
flamo is replaced under the steam gcncmlor and nt tho sarao tuno 
clamp 1 is cloMsJ and clamp 2 is opcnwl Tlio sample is filled Into tho 
distilling flask through tho funnel (b) and tho receiver flask is placed 
below tho condenser tulw, tlio tube reaching below tho surface of tlio 
liquid clamp 1 is opened and at tho samo tirao damp two i3 cload 
A largo funnel (g) sor^os to coUcot tho water whlcli will flow through 
tho condonsor tube when tho oppamtiia is stcamotl out Tlio funnel 
and tho collector Iinvc a common outlet into a sink Tlio funnel (b) 
carries 6o\cml Indentations to provont tho glass beads from leaving 
tlio (lislillmg fiask when tlio soroplo is transfoirod Tlio glass beads 
arc used to assure steady boiling In tills manner tho fimnol cannot 
become clogged up To prevent bumping in tho steam generator 
a glass tube (m) la placed Into tho flask wliidi is closed up in Uio middle 
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and at ooo end and whose open end reaches into the water (Folm 
and Svedborg)* 

Procedure 

In a flaak 4 ml of plainna (iTrom) arc deproteinixed with 8 ml of 
water and 8 ml of 20 per cent tnchlomcetic acid (1) and filtered 
Five ml of filtrate (corrcspondicg to 1 ml of plasma or serum) are 
transferred mto a micro-Kieldnhl flaak and digested after the addition 
of 2 ml of copper Bulfateniulfuno acid (3) and 2 glaas beads (to 
prevent bumpmg) The digestion is over when the residue turns 
colorless. If very bttle scrum ts available only 2 ml of serum may 
be diluted with 10 ml of water and 8 ml of trichloracetic acid is 
added For the onaJyEiB 6 ml of flltxnto corresponding to 0.5 ml of 
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serum are usod. Tbo digestion is performed m a digestion rack (fig 
27) The end (A) is connected to a water pump to remove the fumes 
Suction may onlj bo applied if no unno determinations are earned 
out In the same room If for technical reasons this is unavoidable, 
the fumes cannot be sucked off but a rubber tubing is attached at 
A, which ends just above the liquid level of n nater tank- Ammonia 
fumes represent a great danger to the accuracy of the analysis as 
they are drawn mto the flaidc by tbo sulfuno ncH dunng the cooling olT 
ponod after digestion To a\oid this, the hot flasks are placed 
immediately after digestion into largo glass jars with ground gtass 
tops. Into the jars ore place I a number of osbcstos-lincd small 
tin carts (food ennw or Squibb ether cana, cut m halO, one con for 
each KJcldahl flaak In this manner the hot flasks ore well protected 
The residue m the flaak is diluted with water, the nm of tbo flnwV 
IS slightly greased with vnsclmo the contents are tnmsfcrrcd quanti 
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tatively mto the distilling flaak of the apparatus and 10 ml of 
Kjoldahl alkah is added Exactlj 6 ml of HCl lodate solution (4) 
arc placed into the receiver It is distilled twice each time for 4 
minutes During the first 4 mmutes the condenser tube dips mto 
the receiver liquid later on tho receUer flask is lowered to assure a 
free dnp After each distillation tho apparatus must bo washed as 
descnbed above 

Ttiraiton 

A crystal of KI is added and the titration performed m a 10 ml 
eemi microburette with N/lOO thiosulfate solution until yellow 
then a few drops of starch ore added and the titration contmued tni 
colorless Simultaneously the thiosulfate value of 6 ml of HCl 
lodate solution is determined (blank run) 

Caleulaixon 

Thioeulfate used up by the blank minus thiosulfate used up by the 
sample multiplied by 0 14 gives the nonprotem nitrogen content of 
the sample m mg If 1 ml of serum has been analysed the non 
pTotem nitrogen content of the sample in mg per cent is obtained bv 
multiplying the difference by 14 (see table 0) 

Example 

thlofnlfat« reqoirod by the Muik D 98 ml 

thioeulfate required bj the eamplo 7 85 ml 

dlffereoce 2.18 ml 

nitrogen content of sample 0 1-1 X 2 IS “ 0 2962 mg 

Smee 1 ml of serum lias ixen analyied the nonprotem nitrogen 
content of the serum is 29.82 mg per cent 

Colonmeine '^emtimero-method for Serum nnd Plasma according 
lo Foltn* 

Principle of the method In the deproteinised filtrate the araide-bound 
mtrogen is conv’erted mto ammonia with concentrated HfS 04 and 
after the addition of Nesaler'a reagent the ammonia is determmed 
cdonmetncally by comparison with a standard solution 



mctliod vltlimit dt*tQltUoii, pp 144-li9 
rderomethod with dirtUlaUoD tn p 139 
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ReoQenis 

(1) 10 per cent sodium tungstate solution* 

(2) (a) 2/3 N HiS 04 or 0 070 Qm KHSOi m 100 ml of water 
(b) N/12 HiSOi (1) or 1 134 Gm KHSO4 m 100 ml of water 

(3) ammonnim sulfate standard solution 0.2830 Gm of ammom 
um sulfate (0 p ) (reagent) dned at 100'’ C is dissolved m water m a 
1 liter volumetno flask, 1 mL of concentrated HCl is added to prevent 
mold formation and the solution Is made up to the mark with water 
Five ml of this solution contam 03 mg of mtrogen 

(4) digestion mixture 

(a) syrupy HjPOi (85 per cent) 

(b) concentrated HtSO* 

(c) copper sulfate solution, 035 per cent 

In a pyrei flask ore mixed with caution 300 ml of syrupy phosphoric 
acid (86 per cent) arid lOO ml of concentrated HjSOi The mixture 
IS cooled and transferred to a high 600 ml glass stoppered > olumetnc 
cylmder Over a penod of one week a precipitate of insoluble cal 
oum compounds will form Then 100 ml of the clear mixture is 
careful!} added to 110 ml of 036 per cent copper sulfate solution 
Both solutions ore best kept m bottles shown in fig 28 

(6) Nesaler’s reagent (Folm) 

(a) m a heavy walled flask, are mixed 100 ml of water 160 Gm 
of Id and 110 gm of lodme To this solution 140^150 Gm of 
metalho mercury ore added drop by drop and with shaking over a 
penod of 10-16 mmutes. It 10 well shaken until the red color of 
the solution begins to fade "Ilicn it is cooled with shaking under 
r unnin g water until the color turns green The supematant is 
decanted and the romairung mercury is washed several tunes with 
distilled water the nwh water bemg added each tune to the decanted 
supernatant The bquid is mode up to 2000 mL with dist il led water 
The solution should be dear, othennse it must be allowed to stand 
until the precipitate has settled and 13 again decanted 

(b) carbonate-free NaOH m a porcehun dish resting on a 
cork plate 600 Gm of NaOH ore dissolved In 600 Gm of water with 

Accordlnf to a soggoetioa of Rassol L. Hadon (J BioL Cbem 
1023) the following mi\tar« la laed for deproteiDliIng To odo part of bl 
added 8 parts of N/12 UtSO^ and 1 part of 10 per cent NajWO< 
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constant stirring The solutloo is txansfcrrcd to a bottle and the 
insoluble sodium carbonate la allowed to settle out To obtain a 
4 per cent solution of NaOH 55 ml of this solution m dilated with 
water to 1000 ml 

Working solution of Nessler s reagent 
150 ml of Nessler stock solution (a) 

98 mb of carbonate free NaOH (b) made up to 1000 ml with 
distilled water 

The Nessler solution may also be prepared m a simpler way as 
follows'* In a 1 liter volumetno fladc 10^ Gm of dry red mercuric 





Fio 28 Bottlb wrtu Dotrvu Btoppt* 

omdo (HgO) and 61 Gm of potassium iodide crystals are mixed and 
shaken untfl the red mercuno oxide dust sticks to the El crystals 
which IS usually the case after 6 minutes. Then 160 ml of distilled 
water is added and egam ahoken The mixture is readily soluble 
in the cokL To this sohition 100 mL of carbonate-free 50 per cent 
NaOH IS added and it m made up to 1000 ml with water An excel 
lent Nessler reagent will result 

Equalum 

HgO + 4ia ri- HrfD - KjHgl* + 2KOH 
ililnl/ aeeordinf to L- F Wlub J oi sod Clio. Mad /i/ unj 
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"With regard to the nesslenxation the following must be noted 
digestion acid and ncseler solution must be compatible, otherwise 
cloudmess will occur durmg the colonmetnc reading With phenol 
phthalcm as mdicator 20 ml of N/1 HCl should require 11 0-11^ 
ml of Nessler reagent for neutrahsation If less is used the reagent 
IS too alkalmc and must be adjusted with the f(^owmg solatioo 
(c) WTien working inth Folm reagent 160 ml of solution Sa b 
made up to 1000 ml with distilled water (no NaOH is used) 

When working with reagent 10^ Gm HgO and 51 Gm of 

KI are dissolved m water as desenbed abcn*e and made up to 1000 
ml with water only 

If 20 ml of N/1 HCl require 9 ml of Nessler reagent instead of 
11 mh, the solution is too alkaline and must be adjusted according 
to the equation 

11 0 1000 - 90 X 1000 0,0 

To " "“iTo- 

CoQsequentlj 818 ml of Nessler reagent must be diluted with 182 ml 
of solution c 

Now the digestion acid must be compared \ntii the Nessler reagent 
One ml of the digestion acid should neutralise 9 0-93 mb of Nessler 
reagent If this is not the case the acKl must be adjusted 
The Nessler reagent should not be exposed to da> light and must 
be kept m a dark bottle It will keep for a long period and will 
even Impro^'e with time. 

Pnxtdvre 

DepTOiexnmng (a) serum or plasma In an Eriemnejrr flask 1 
part of serum or plasma (2-3 ml ) is diluted with 7 parts of water 
and 1 part of a 10 per cent sodium tungstate solution (1) is added 
One part of 5 N sulfunc aad (2a) is added ■u^th sh akin g from a 
burette or pipct and shaking is continued until a metalho sound b 
heard The solution is filtered after 2-3 mmutes through a folded 
filter 

(b) whole blood To 1 part of whole blood (2-3 ml ) m an Erien 
me>'er flwwlv 13 added 8 parts of N/12 HjSOi (2b) From a burette 
or pipet IS added mth shaking 1 part of 10 per cent sodium tungstate 
solution (1) The procedure is continued as described under (a) 
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DipMfton Into 76 ml pyrcx test tube, bearing marks at 35 ml 
sold at 60 ml arc placed 5 ml ol protcm free serum (plasma, wbolo 
Wood) filtrate and 1 ml of digestion acid (4) Into n similar flask 
ate placed 6 ml of standard solution (3) and 1 ml of digestion acid 
(4) Both solutions (standard and sample) are heated over a small 
flame until the water has c%’aporatcd and SOj fumes appear Small 
quart* fragments or 2 glass beads or a small piece of glass wool a 
added to prevent bumping Tho flask b now heated for only 3 
minutes. After this timo the solution roust be colorlm. It a then 
cooled and dflutod w ith water to tho 35 mL mark and Nessler roogent 
(6) It added to tho 60 ml mark with cooling, and the colon are 
compared In the colonmotcr 

CalcuUUwn 

For the Dubosquo colonmoter 

reading of standard X 30 , . ^ ^ 

— r — 1 — r “ “g. por cent nonprotoin mtrogon 

reading ol unkn own sample 

ExampU 

r^Iof ot itandonl 20 

roodlac of umpla 2S 

20 X 30 

— — — — 24 mg, per cent nonprotain nitrogen 


CalculaUan 

For the Helllge colonmoter (1) If tho color of the sample m less 
Intense than tho color of the standard, the following formula is used 

X 30 — mg, per cent nonprotein nitrogen 
y — colonmoter njading 

Example 

y " 20 X 30 — 24 mg. por cent nonprotom mtrogen. 

(2) If tho color of the sample is more Intense thftn the color of the 
standard tho sampb solution a plaeod into tho wedge and the stand 
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ard flolution into the cup and the foUcnving formula is used (see ap- 
pendix p 379) 


100 X 30 
100 - y 


Example 


mg. per cent nonprotein nitrogOL 


y 


^ 100 X 30 _ 3000 
’ 100 - GO ” 40 


76 m g. per cent nonprotein mtrogea 


T\lrmeinc Miertmd}tod for the Ddermtnaium of Nonproiein miroffen 
tn rr7iof« Blood Senan or Plasma wxth Dxgeetxon hU 
imihout DisttUaltoTu^ 


Pnnaple of the meihod Whole blood, eenim or plasma (0 1 or 05 
ml ) la deprotemiaed and digeated wrth phosphomolybdic acid as 
catalyst, a digestion acid bemg used to which a known amount of 
phosphonc acid la added After the digestion the phosphomolybdic 
acid 15 converted mto a coraplat compound with sodium fluonde and 
the digestion mixture a neutrahsed TTie smallest excess of al k ali 
during neutralixation can liberate ammonia (mcrcased temperature, 
shaking, etc ) But the addition of pboephonc acid and the use of 
a suitable mdicator permit the neutraluation with NaOH under 
formation of disodiumammonium phosphate Under these condi 
tions the ammonia is resistant to heat and shakrng In the digestion 
flask the ammonia of the sample is oxidised to nitrogen with hypo- 
bromite solution of known titer, the excees a titrated with sodium 
thloeulfate m the presence of KI 


Readxon equation 

2IINH, + 2H,0 + - 2ROH + CNH4)*S04 

(NH0^4 + 2NaOH - Na,S04 + 2NH, + 2H^ 

2NH, + 3Br, + GNaOH - N, + 6HtO + ONaBr 
The bromine m excess of that used for the oxidation is determined 
lodometncally accordmg to the following equation 

NnOBr + NaBr + 2Ha = Br, + 2NaCl + H.0 
Br, + 2 KI - Ii + 2KBr 
Ii + 2NH&0. = 2N»I + NaAO. 



DETEIunNATlOV OP >OVPHOTZIN NITROGE> 


146 


It can be noted from the equation that 3 atoms of Br correspond to 
1 molecule of NHj, a small amount of ammonia will use up a relatively 
large amount of Bri 

JUa^enU 

For -pTOlexn ‘preexpiUiUxoii 

Cl) in a 1 btor volumotno flaak 20 Gm of anhydrous sodium 



0 


Fia 29 AtrrouATTO Di'prmtXB roa OiOM BsAon 

sulfate are di»olved m water 09 ml of J N HiSO« ore added and 
made up to the mark with water 

(2) five grams of anhydrous sodium sulfate and 83 gram of 
phoephoraoljdKho acid are dissolved in 200 mL of water and 4 8 ml 
of 27 per cent NaOH is added The mixture a heated over a bunsen 
burner for 30 minutes. After coolmg 10 0 ml of H*S 04 cone, are 
added and made up to 1000 ml with water 

For ihe dxgteixon 

(3) one gram of phoephomolybdio acid ts diBolved m approxi- 
mately 60 ml of water After the addition of 1 mh of 83 per cent 
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ard solutaon into the cup and the following formiUa b used {aee ap- 
pendix, p 379) 


100 X 30 
100 - y ' 


mg. per cent nonprotein nitrogen. 


Example 

_ 100 X 30 3000 __ , ^ . 

y — oU, j^QQ _ QQ " P®r cent nonprotem nitrogen. 


Tttnmeinc Mtcromeihod for the Delermtnaiion of Nonprotan nifro^ 
tn Whole Blood Senan or Plasma xnih Difftslwnbul 
tnihoui DisliUaitoTu*^ 


Pnnaple of the method Whole blood, eenim or plaama (0 1 or 0J2 
ml ) IS deprotemued and digested with phoephomolybdic aad as 
catalyst, a digestion acid being used to which a known amount of 
phosphonc aad b added After the digestion the phosphotnolybdic 
acid IB converted into a complex compound with sodium fluonde and 
the digestion mixture is neutralixcd The smallest excess of alkali 
during DGUtrahtation can liberate ftmmrmift (mcreased temperature, 
shaking etc ) But the addition of phosphoric acid and the use of 
a suitable indicator permit the neutrahxation with NaOH under 
formation of dieodiumammomum phosphate Under these condi- 
tions the ammonia is resistant to heat and p>iwlnng In the digestion 
flask the ammonia of the sample is oxidised to mtrogen with hypo- 
bromite solution of known titer, the excess is titrated with sodium 
thiosulfate m the presence of IQ 

i?eaci«m equation 

2RNH, + 2H,0 + H,S04 " 2ROH + CNH4)»S04 
(NH 4 ),S 04 + 2NaOH - Na.S04 + 2NH, + 2H,0 
2NH* + 3Bri + ONaOH - N, + 6HiO + 6NaBr 

The bromme m excess of that used for the oxidation is determined 
iodometncaDj accordmg to the following equation 

NaOBr -f NaBr + 2HC1 - Bi^ + 2Naa + HiO 

Br, + 2 IQ - Ii + 2KBr ^ 

Ii + 2Na,STO, - 2NaI + NaAO. 
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It can be noted from the equation that 3 atoma of Br correapond to 
1 molecule of NHj a email amount of ammonia will uae up a relatively 
large amount of Br* 

Rta^fenU 

For proian prtajnlaiion 

(1) m a 1 hter volumetnc 20 Gm of anhydrous sodium 



Fio 29 Adtovatto DiAprmiEB rom Qlajs Bbac^ 

bulfate are diaeoU'ed in iratcr 09 ml of ^ N HjSOi are added and 
made up to the mark with water 

(2) five grams of anlij’drous sodium sulfate and 8^ gram of 
phosphomolybdic acid are diasoK-ed in 200 ml of water and 4^ ml 
of 27 per cent NaOII is added Tlie mixture m heated over a bunsen 
burner for 30 mmutes After cooling 10 0 ml of HtSO« cone, are 
added and made up to 1000 ml with water 

For the dtffctlion 

(3) one gram of phobphomolybdic add is dasolicd m approxi- 
mately 60 ml of water ^Vfter the addition of 1 ml of 33 per cent 
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sodjum hydroxide the solution is heated for twen ty minutes to 
eliminate any possibly present ammonia After coolmg, 30 ml oT 
concentrated and 6 ml of syrupy HjP 04 are added and the 

solution ifl made up to 100 ml (If no phosphoric acid resistant 
digestion flasks ore available, no phosphonc acid can be used for the 
digestion After the digestion with onl> , a 10 per cent solu- 
tion of NniHP 04 ja added m this case) 

It IS recommended to store the acid solutions (1-3) m bottles 
as shown m fig 28 to prevent contamination with ammonia. 

For the neiiircdualion 

(4) (a) 27 per cent NaOH prepared from purest grade of sodium 
hydroxide 

(b) 15 mg of methyl red (Kahlbaum) and 00 mg of thymol 
blue are diasolv'od m 20 ml of N/1 NaOH and made up to 1000 mL 
mth water 

(c) saturated sodium flaonde solution (approxunately 6 per 

cent) 

Ihe working solution ts prepared by mixing 3 parts of solution (a) 
i port of solution (b) and li parts of solution (e) This mixture 
will keep indefinitely 
For Ihe lUralum 

(6) buffer solution (a) 84.6 Gm of borlo acid and 14 0 Om of 
NaOH (pellets) ore dtssoUed in approximately 800 ml of water 
The solution is heated for 30 mmutes to eliminate any possibly 
present ammonia and after cooling made up to 1000 ml (instead of 
this solution a 10 per cent Na 5 Hl *04 solution may be used) 

(b) m a 1 liter volumetric flask 20 Om of ICBr ore dissolved in 
water 8 Gm (2.6 ml ) of bromine ore added and after the bromine 
has dissolved the solution is made up to the mark with water 

If no bromine is available the bronimo solution may be prepared 
as follows 32 Gm of KBr and 2.8 Gm of KBrOj arc dissolved m 
water m a 1 liter volumetric flask 100 ml of N/1 n*S04 is added 
and after standing for 30 minutes made up to the mark with water 
The final acidity of both solutions b identical sniee m the latter 
solution 100 ml of H*S 04 is used np to coniert the bromato to 
bromine 

Before the determination 10 ml of bromine solution is placed into 
a 60 ml volumetno flask and dilute NaOH is added until the color 
changes from brown to a lemon yellow Now approximately 25 mL 
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of buffer solution (6a) (or 10 per cent NojHPO*) arc added and made 
up to the mark with water Tha hypobronnte solution must be 
prepared fresh each time 

(0) KI crystals 

(7) fuming HCl diluted 1 1 with water 

(8) 0^ per cent starch solution 

(6) N/lOO sodium thiosulfate solution (see appendix) 

Proced ura 

A number of test tubes equal to the number of determ mationa to 
be performed are filled with 6-8 ml of sodium sulfate solution (1) 
(It is recommended to use pipets bearing marks at 6^ ml and 0 ml 
If large amounts of serum are available 0 4 ml of serum is trans- 
ferred to a test tube containing 11 0 ml of sodium-sulfate solution ) 
With a capillary pipet 0.2 ml of blood is drawn from the finger tip 
The outside of the pipet Is wiped and the blood blown mto the 
sulfate solution The pipet is nosed several times by sacking up and 
blowing out of the sulfate solution Then two ml of phospbomolyb* 
die aad (2) ore added, the contents well mixed and heated for 4<-6 
mmutes in a water bath kept at C (If 0 4 ml of senun is used, 
4 mk of phosphomolybdic acid must bo added ) In the same manner 
2 or 3 blank determinations are performed After coohng the solu 
tlon is filtered (Whatman Nr 42 7 cm diameter it is important to 
keep these filters m a gloss jar with ground gloss top ) Six ml of 
filtrate, 2 ml of digestion acid (3) and a few glas beads or some gloss 
wool are placed mto a micro-Kjekiahl flask, which has been modified 
for this determination os follows length of flank 136 mm. diameter 
of neck of flask 20 mra length of neck 86 mm diameter of flnak 
bulb 40 mm , volume approximately 36 mi When a scnca of 
dolermmatloos is to be performed it is recommended to uso the 
apparatus as shown m fig. 29, which automatically dispenses 2 gbiws 
beads into each flask 

The digestion is completed when tho blue color has disappeared 
and no more sulfuno acid fumes arc visible * After cooling the 
residue is diluted with 2-3 ml of water (or with 2 ml of NajHPO* 

Tbe eoDDMlkin botwtCD dlfcatloo plaUi and evaeostlog tubo b maiDtaiood 
with tbe aid of morohlo iron damps attachod to tbe apparutos aa abown In 
flfore 27 If mioe analjracs aro performed In tbe tame laboratory the same 
p rc ca oUoBa hart to bo applied a* mentioned on p 137 
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if the digestion liquid does not contain any phosphonc acid) and 5 
ml of the mixed mdicator IvaOH -sodium fluonde solution are added 
drop bj drop and with outside coolmg The famtlj aad solution m 
neutralued drop bj drop with 27 per cent JsaOH until the color 
changes to blue (Appromnately the same number of drops should 
be required for all flasks of the same senes The 27 per cent NaOH 
13 drawn from a burette nhose stopcock is greased with graphite 
grease to prevent gticking The graphite grease is prepared as 
follows one part finelj pulvenied and sifted graphite is well mixed 
wrth 9 parts of vaselme ) Phosphonc acid is added to the digestion 
acid to form NajNH^PO* during neutralixation By its buffer action, 
the phosphonc salt hmdera the sudden change from acid to alkali, 
thus preventing the escape of ammonia The mixed mdicator also 
helps to neutralise step bj step so that the reaction can take place 
at the constant pH 

All flaska of a senes of determinations ma> be neutralued at the 
same tune and 6 ml of hj^pobromite solution (5) is also added to 
each flask at the same time Iramediatelj before titration each flask 
reccn*e6 a few crystals of Ivl and 2-3 m! of HCl sohitioo (7) The 
HCl IS best kept m an automatic pipet, set up next to the thiosulfate 
burette Tlie liberated iodine is now titrated to >*ellcm with iV/100 
Bodium thiosulfate solution (9) a few drops of starch are added and 
the titration contmued till colorlew 

Caleulalion 

Thiosulfate used up bj the blank mmus thiosulfate used up h\ 
the sample multiplied bj 0 0407 (atomic weight of nitrogen 014 
divided by 3) results m the nitrc^en content of the sample m mg if 
N/lOO thiosulfate i« used If 0J2 ml of material was analvied it is 
multiphed b\ 31 1 to obtain the nitrc^n content m mg per cent 
if 0 1 ml of material nns used (o 9 ml of deprotemuing solution (1)) 
the factor 02^ is applied The factors are ami'ed at os foUowB 

00407 X 100 0 0407 X 100 _ 

0 15 “ 0 076 

0 ml of filtrate correspond to 0 15 ml or0 07oml of starting material 
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Example 

thiwulfatc u»cU for Wnnl. l> till 

thiotulfotc iwwl foranmiklc H W ml 

tUfferpnee UW ml 

OM X I •* -V M ttiR itor ppiil 
iMmpmlHn nlln'npii miilMil 

For tho rapid mlniliUton hoo tnhlo 1\ 

flapid Djrfrt Tttnmcine IhlerHuuntum of S'oupntlrm niln>i;rn in 0 I 
ml or OJ! ml of W hole Itloml or Strum iritfunil 
DiffCKtinn or Di^tillalion * ’’ 

Pnnapie of the melhoil \Mti4< IiIikk) Ntiitii itr pInNinii |h ilo|>r4> 
tomuod tn thr fiUmto m nddt'<l ii liyiHtliriMnlto miIiiI loti iitid I In* (An mm 
erf bromine H titmtwHftfliHnrlrirnlly WHli (IiIh ihi'IIkkI II iHjMrTilblo 
to dotcrmiQO tho nonprotolii nilntffin rtHiluil «if 0 t rrr (I J tnl nf 
whole blood, K'ntm or plntmu hIiIiIii Ti H) >nlinilit< wllli llic riiinh 
RTwlo of amirruiy oh olitiilnwl by I In mb r» l()t Id/ilil rtmlliitd.lHil 
withmit diRTHtion or dlntillali(iti (fiMbr Hit < oiitlil foiiK irf (Im 
method nui onlv urm And nmmemifi im iillnrkttl lull nil pliyuliJit^^le 
ammo rompotintN err alwi ddtnnincti Nol iiirliitlnl an bitlirf 
compeainds, havlnR Iht nilrtupn in (Ik nn^ IhiI IIiIm Im bmijnilffennl 
for all practiral ptifp<»«oH wort indol rumpinuttU ilo ntrf lifirfnttllv 
omir in blood ami in rfi“os rrf invtnin Mn-y mrily txrtii] OfM (f/r 
mg per rent nitrogen 

Rragenlt 

(I) Drproteminng oliitiem* 

In 0 1 liter \olunrKfnr fla k i/tH (tin of p^elmm funy/tnlt itr 44Ji 
ml of a 10 [KT rent r^xlitnn liingplale fftliitffiti 2 ( tn t4 Kii\n\tn 
rrtratr 0 4 Cm of rothum riiUhtt are di'^rrfve'I in hpprfr<inmfr ly 
aw ml frfuater ml of \/\ ll>«0, <»r 07 rf rnl of | S 
and 2 Om of ea/Imium rnlfftfe err add«I ftmJ all tun/U up fo ffie 
mark wrth natrr It Ji imfK/rtanl fo rnaintftln Ibr era'reet 
frf arldmg tite reagent in onUrloti/tott tlte fortuu^u/n rrf \iit-f * 

it ffi €M r^nrent (Ahrmt >t f- ff-fta n f f 

tij- Fr»Tit fy»ivJ*rp »prr*n A IfnM > 

t ImIa*/! rf ft * jsJ r/ It A2rtf d f ff-'O r*r fy- 
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(2) Hypobromito Bolutloa 

(I) boric acid solution 

(a) 84^ Om of bone atad (pure) and 14 0 Gm NaOH are 
dissolved m approximately 800 ml of water, boiled for 30 minutes 
to eliminate all ammonia and after coolmg made up to 1000 ml 

(b) saturated sodium fluonde solution (approximately 6 
per cent) 

(c) 27 per cent NaOH 

250 ml of bone acid solution (a), 160 ml of saturated sodium fluonde 
solution (b) and 50 ml of 27 per cent NaOH (c) are mixed (6 3 1) 
This muxturo wdll keep welk 

(II) bromine solution 

In a 1 bter volumetric 20 Gm of ICBr Is dissolved m approii 
mately 60 ml of diatiUod water, 8 Grm of pure bromine (25 mb) a 
added, it is shaken untd the brommo has dissolved and made up to 
the mark with water 

Immediately before use 1 port of solution IT (bromine solutioo) 
IS added to 9 parts of rmxture la-o (bono acid, sodium fluonde, 
NaOH) Five ml of this hypobrooute solution should use np 
approximately 10 ml of N/200 sodium thiosulfate Bolutlcai 

(3) N/200 thiosulfate 

(4) Ivl crystals 

(5) 0^ per cent starch solution 

(0) 18 per cent HG (fuming HCI diluted 1 1 with water ) 

Cadmium sulfate is added to the deprotemiiing solution to prevent 
the appeamneo of hydrogen sulfldo compounds m the filtrate, es- 
pecially when working with whole blood These compounds require 
largo amounts of bromme (1 requires 4 Br) Cad mi u m sulfate 
serves to precipitate the organic SH-compounda 

The hypobromite solution contams bone acid to prevent the 
reduemg effect of sugar by forming a complex compound This is 
not necessary m the original Kjeldohl method smee sugar Is destroyed 
during the digestion It bfm been proved that m the presence of 
bono acid bromine will not affoot even large amounts of sugar 

Procedure 

Short test tubes are filled with 6 04 ml * or 1053 mk of depro- 

• A BiW ml pipot bo Improvisod by maUnf » now mark at 6J)4 ml oo a 
5 ml pipot. 
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iimg solution (1) (This solution can be kept m storage m 
ipercd test tubes ) With a capDlno pipct 0 1 mk or 0^ mL of 
m, plasma, or whole blood (from the finger tip) la transferred 
I the solution and the pipet b nnsed by sucking the solubon up 
blowmg it out Be^'e^^l tunes The suspension is centrifuged 
iltered after standing for five minutes Four mh of clear super 
mt or filtrate arc measured out into each of two wide test tubes, 
il of hypobromite solution (2) nro added to each sample, well 
ten and allowed to stand for 2-3 minutes Several crystals of 
and 2-3 ml of HCl (0) ore added and the titration performed 
1 N/200 thiosulfate till yellow, consequently a fmv drops of 
ch solution (6) are added and the titration contmued till colorless 
. blank determlnaticm b earned out using 4 ml of deprotenuxmg 
tlon (1) and 6 ml of hypobromite soluticm (2) 

•lulatum 

mount of thiosulfate used for the sample (V) is subtracted from 
amount used for the blank (L), the difference is multiplied by 
>333 (atomio of mtrogen 0 14 divided by 0) and divided 

DJ3778 (00778 ml « amount of unksarm sample) MolUplica 
I by 100 gives the amount of mtrogen m the sample m mg per 
b (when N/200 thiosolfato Is used) 

« X - 0 0778 . 30 

4 A ' U 0( /o 

(L — V) X 30 «=» mg per cent nitrogen 

mtpU 

L - 0^ 

V - 7^ 

differ “ 232 232 X 30 — 09 6 mg per cent mtrogen 

nmelnc Dirtd DeienmnaUen of Nonprotein Nitrogen tn OXtf or 
)J)1 mL of TF7u>fs Bloody Senm, or Plaxma iBiUmd DiguUon 
or DtetUtaiumP 

napie of ihe method Boo method 4 p 149 
igeiitt See method 4 p 149 

t. N/1000 thiosulfate sdution is used instead of N/200 thiosulfate 
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(2) Hypobroraito solution 
(I) bone flcid solution 

(a) Gm of bone acid (pure) and 14^ Gm. NaOH are 
dissolved m approximately 800 ml of water, boiled for 30 mnratei 
to eliminate all ammonia and after coining made up to 1000 ml 

(b) saturated sodium fluonde solution (approximately 6 
per cent) 

(c) 27 per cent NoOH 

2a0 ml of bone acid solution (a), 150 ml of saturated sodium fluonde 
solution (b) and 50 ml of 27 per cent NaOH (c) are mixed (6 3 1) 
This mixture vnl\ keep well 
(U) bromine solution 

In a 1 bter \ olumetnc flask 20 Om of KBr is dissolved m appron- 
mately 60 ml of distilled water, 8 Gm of pure bromme (2J ml) b 
added, it is shaken until the bromine has dissolved and made up to 
the mark with water 

Immediately before use 1 part of solution n (bronune solutioo) 
IS added to 9 parts of mixture la-c (bone acid, sodium fluoride, 
NaOH) Pive ml of thtg hypobromite solution should n» up 
approxitnatel> 10 ml of N/200 sodium thiosulfate sdatioa 

(3) N/203 thjosul/ata 

(4) IQ crystals 

(5) 0^ per cent starch solution 

(0) IS per cent HCl (fuming HCI dilutod 1 1 with water ) 

Cadmium sulfate is added to the deprotemixing solution to prevent 
the appearance of hydrogen sulfide compounxia m the filtrate, es- 
pecially when w orking with whole blood These compounds require 
large amounts of bromine (1 HjS requires 4 Br) Cadmium sulfate 
serves to precipitate the organic SH-compoimds, 

The hypobromite solution contains bone acid to prevent the 
reducing effect of sugar by forming a complex compound 
not necessarj m the original Kjcldahl method smee sugar is destroyed 
during the digestion It has been proved that in the presence of 
bone ncid bromme wtU not affect even large amoimts of sugar 

Procedure 

Short teat tubes are filled with 6 04 ml * or 10 08 ml of depro- 

• A 6iM ml pipot I'gri bo impi-nyt yw l by m>iVlny a new mark 5h4 ml oo • 
6 ml pipot. 
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te iniTmg solution (1) (TTua solution can be kept m storage m 
stoppered test tubes.) With a capillary pipot 0 1 ml or 0.2 ml of 
serum plaaroa, or whole blood (from the finger tip) is transferred 
mto the solution and the pipet rs nnsed by sucking the solution up 
and blowing it out several times. The suspension is centrifuged 
or filtered after standing for five minutea Four ml of clear supier 
natant or filtrate are measured out mto each of two wide test tubes, 
6 ml of hypobromite solution (2) ore added to each sample, well 
nhnlrpn and allowed to stand for 2-3 minutes Several crystals of 
KI and 2-3 mb of HCl (0) are added and the titration performed 
with N/200 thiosulfate till joUow consequently a few drops of 
starch solution (6) are added and the titration contmued till colorless 
A blank determination is earned out uamg 4 mb of deproteinixmg 
Bolubon (1) and 6 ml of hypobronute sdution (2) 

Cdcdatum 

Amount of thiosulfate used for the sample (V) is subtracted from 
the amount used for the blank (L), the difference is mulbplied by 
0,02333 (atomio wei^t of nitrogen 0 14 divided by 0) and divided 
by OiXTTS (0i)778 ml - amount of unknown sample) Multipllca 
den by 100 gives the omoimt of nitrogen m the sample in mg per 
cent (when N/200 thiosulfate is used) 

6-H_01 ^ 00233 X 100 _ 

“T X- 0^778 ^ 

(L — V)X30— mg per cent nitrogen 

EjompU 

L - 9,86 
V - 7,63 

differ — 2,32 2,32 X 30 — 09 0 mg per cent nitrogen 

Tilnmtinc Dirtd Dfiemuruiiion of Nonprdcm-Nilrofffn tn 0S)2 or 
OjOI ml of "WhoU Bloodf 5cni»rt, or Plxuma xmlhoul Digestion 
or DtstillalumP 

PnnapU of the meihod See method 4 p 149 
Peogenlt. See method 4 p 140 

A N/1000 thiosulfate s^ution is used instead of N/200 thiosulfate 
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(3) It 18 prepared each tune before use by diluting the N/200 
solution 6 tunes 

The hypobroniite solution (2) is prepared by adding J part of 
solution II (bromine soluticm) to 9 parts of the mixture lanj, 6 ml 
of this hypobromite solution should require appromnately lO mL 
of N/1000 thiosulfate solution 


Procedure 

Short teat tubes are filled with 4 ml of deproteimung solution 
(1) each (This solution can be kept m etorage m stoppered test 
tubes ) With a capillary pipet* 0 02 or 0 01 ml of serum, plasma, 
or whole blood is transferred mto the;solution and the pipet is nnsed 
repeatedly by sucking up and blowing out of the mixture After 
a few mmutes the tubes are centrifuged Kjeldahl flasks or any 
other long necked flaaka have been filled with 6 ml of hypobromite 
solution Each fiaak receives 3 ml of clear supernatant and 2 flafka 
serving as blanks receive 3 ml of deprotemuing solution (1) The 
fla.aks are clceed w ith clean dust-free corks and should only be opened 
immediately before titration For the remainder of the procedure 
(see method 4 p 149) 

Caladalton 

Amoimt of thiosulfate required for the blank (L) minus Uuoeulfatc 
required for the sample {\0 multiphed by 0 00407 (atomic eight 
of mtrogen 0 014 3) divided by 0 01492 (0 01492 " amount 

of analysed material) and multiphed by 100 results ra the nitrogen 
content of the sample expressed m rag per cent, provided N/1000 
thiosulfate has boon used 


402 

T 


Example 

L 

V 


002 


X - 001492 


0 00^07 X 100 „ 31J 


0 01492 

(L - V) X 31^ - mg per cent nitrogen 


8 ^ 
7 10 


difference 1^27 1 27 X 315 — 39 75 mg per cent mtrogen 

8« append p Ml 
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The nonrml \-oluo for nooproteln nitrogen 25-35 mg per cent 
It IS 5ncrcaf>c(l in the follomng disenses 

(1) chronic ncphnti^ mninU m the last stages of glomerulo- 
nephritis or during acute recurrences In tlH?sc cases nonprotcin 
nitrogen i alucs of 300 mg per cent and more hai'e been encountered 

(2) In all diseases accompanied oliguna and anuna acute 
Dcphnttf sublimate or other mercunc poisoning bilateral occlusion 
of the urethra or unilateral occlusion uith reflectors anuna chronic 
heart dt8ea«<* with congestion and tondcnc\ toward edema formation 
postoperatuT anuna etc 

(3) disca-'cs accompanied b\ destruction of kidne\ tissue tuber 
nilosis of the kWnc\ e>Ttic kidnoj pjonephrmis h>'droncphrosis 

(4) b\*pertrophN of the prostate 

(o) acute mtchtinal occlusion 

(0) extensive lo^i of fluid iholem asiatiea rholera nostras d>'s- 
entcia \omiting etc 

(7) i-lijdit n*o in go<it ami myeloid leiicemm as sign of increased 
unc acid 

DiTinuiwTios or Unci ksp Url^ CLE.\n.cscE Test 
Titnmdnc D^trrminalion m II Aofc Blood {Ilfmolyttd) ‘vTum and 
Platma mfh Dtttitlalion'* ** 

Pnnnplf of the metkoil Urea ts ronicrlcd into ammonia b\ urease 
The urenH' together i\ith the proteins arc preapitated by sodium 
tunp*tatc and sulfunc acid tlie ammonia v di tilled in the apparatus 
of I’umn'-Wngner (fig 2fl) and ilelormineil titnmetncalb 
hroffcnlf 

(n acetate laifTer’* 3-iml ofaliperrent Kxbum nrelato wilutlon 
ctitaining I ml of gbnal aeetir ockI per 100 ml are made up to 100 
ml vMtli ill tiUcil uater 

(2) 0 1 Cm urra*^* 1 tablet of ureax’ (viuilib) is fineU powdered 
and Ml |)em!o<! In 10 ml of water 

(3) (leproleiniiing Milution immediateh liefore ux* 10 ml of a 
10 per rent Kodmm tunj^lafe ^o)utlonB^c mixeil mth 12 ml of J N 
n-S()»and made up to ion ml with water 

(1) Mxlnim tetmlMHute 0 Cm of Msbum tetralHirale I Cm of 
Mslmm tartrate 2 ml of a2-jpcrcTnl copper sulfate solution and 
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4 ml of N/1 NaOH ore dissolved m dlstillod water and made up to 
100 ml 

(6-0) Bodium hypobromito, potassium lodido hydrochlonc add, 
starch and sodium thiosulfate (sco determination of nonproteln- 
nitrogcn, p 140) 

Procedure 

The required number of test tubes are filled with 4^ ml each of the 
acetate buffer solution (1) (The pipots should bear marks at iS 
ml and 6 ml ) With a capQlory pipot 0^ ml of blood is drawn 
from the car lobe or finger tip, the pipot is wiped carefully on the 
outside the contents are delivered into the tubes and the pipets are 
rinsed twice by sucking up and blowing out of the mixture For the 
blank run (NUi content of the reagents) 2 or 3 test tubes are filled 
with 6 ml of the buffer solution (1) and treated like the unknown 
sample Urease suspension is added (2), the tubes are dosed w^th 
clean cork stoppers and placed into on meubator of exactly 37* C 
for 40-^6 minutes- At the end of this period the tubes axe removed, 
G ml of sodium tungstato-sulfuno acid solution (3) are added to 
each one. The tubes ore now placed mto a wntcr bath of apprird- 
matdy 40* C for 4-5 minutes. After coolmg the precipitate b 
filterod off (Whatman Nr 42, 7 cm diameter) Now 0 ml of filtrate 
arc transferred into the Pamns-Wagner distillation apparatus, 
the funnel is washed with 0 ml of totraborato solution, and the 
liberated NHj distilled twice, each time over a penod of four minutes, 
care being token that during the first four minute penod the coo 
denser tube reaches well below the surface of the liquid In the receiver 
flask. The receiver flask contains 6 ml of N/50 sodium hypobromite 
solution. (If small normal amounts of urea ore expected and also 
m research work it is recommended to usd lass hypobromite, 2 ml 
of hypobromite for 46 mg per cent of mtrogen. 

Ttlralion 

Directly before titration each flask receives a crystal of KI and 
approximately 2 ml HCl Tho liberated iodine is titrated with 
N/200 sodium thiosulfate to yellow and towards the end with a 
few drops of starch solution to colorless. 
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Cakulnhon 

Thiosulfate (N/lOO) used up by tbo blank minus thiosulfate used 
up by the sample multiplied by 31 I results In the urea nitrogen 
content of the sample m mg per cent If N/200 thiosulfate is used 
the dl/Tercnco is multiplied by 16-6 

Extrmpie 

ThlotaUate required bj tbo blank 
tbioaulfato required by the sample 

difforoQCO 0,£S ml 

0.63 X 31 1 - 18 03 mg per cent urea nitrogen 
direct calculation see table 0 

If tho oboio obtained \alue for nitrogen is multiplied by 2 14 
(or tho thiosulfate difference by CCO) tho result is expressed as 
mg per cent urtai 

00 (molecular xrclgh t of u na) ^ 2,14 

2 X 14 (molecular Height ol nitrogen) 

Ttlnmdne Ddenmnalwn of Urea in KohliCTnoiyzfd Blood wUh 
DttHHaUon 

Urea (or urea nitrogen) may also bo determined m a nonbcmolj'icd 
blood sample just as tlw nonprotcin nitrogen llTicn hcmol^iod 
blood or scrum is used for tho determination an aqueous acetate 
buffer 13 cmploj-ed, whereas in the below described method tho blood 
IS added to a buffered hi*pciionic sodium sulfate solution and exposed 
to tho clTocl of tbo urease at incubator Icmpcmturc, 

UeoQCTxU 

(1) In a 100 ml ^*olumct^c flask 20 ml of a 10 per cent solution of 
anhjdrous sodium sulfate arc mixed mth 3J> ml of a 15 per cent 
sodium acetate solution containing 1 ml of glacial acolio acid per 
100 ml of solution and made up to tho mark 

(2) 0 I Cm of ureaso is findj powdered and suspended m 10 ml 
of a 2 per cent sodium sulfalo solution 


5 03 ml 
5 01 ml 
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(3) deprotemumg solution Immediately before use equal parts 
of 10 per cent sodium tungstate solution and } N HjSO/ are mned 

All other reagento see determination of nonprotem nitrogen (p 146) 

Proceditre 

The required number of test tubes according to the number d 
analyses to be performed, is filled with 4.8 ml of hypertonic buffer 
solution (1) With a capillary pipet 0.2 ml of blood is drawn from 
the finger tip and after the outside of the pipet has been wiped clean, 
the contents ore blown mto the test tube and the pipet is rinsed 
as usual For the blanh run 2 or 3 test tubes are filled with 6 ml 
of buffer solution (1) and treated as described for the sample One 
ml of urease suspension is added, the tubes are closed with clean 
corks and left m an incubator at 37® C for 46 mmutes Then they 
are allowed to cool down and 2 ml of sodium timgstate-eulfunc acxl 
are added drop by drop with ahaking The tubes are left at room 
temperature for fifteen mmutes and then centrifuged at high speed 
6 ml of the clear supernatant (filter if neceseary) are transfened 
mto the Pamas-Wogner apparatus and made alkaline with 6 ml 
(rf copper borate solution The remainder of the procednre as weD 
as the calculation are performed as described for hemolyied blood 
(serum) 

Ttinmdne DetermnaHon of Urea untJund Distillation (ynih Siahe 
DuiiBahony^ 

Pnncipie of the method Urea is converted mto an ammonia salt 
by urease The ammonia is liberated by the addition of a concen 
trated potassium carbonate solution and is absorbed m 40 per cent 
sulfunc acid The excess sulfuno acid is neutralised and to the 
neutraluation product a measured amount of hypobromite solution 
of known titer is added After shaking the excess hypobromite is 
detennmed lodometncally 
Reaction equatum (see p 144) 

Apparatus 

Alcohol fiasks according to Widmark are used (fig 30) where a 
second smaller dish (c) is placed mto the dish (b) Before neir flasks 

• Insteid of I N H,80i a solatioD of 0^76 Qm KH80. in 100 ml of aatw 
may be usod 



DErrUlillNATlON OF NOVPROTUN MTROGLN 167 

aro used for the first time th^ should be washed carefully v-ith 
concentmtod mtnc acid and water otbcrwiso it suffices to wash with 
water The flasks must be absolutoly dry, the ground glass ports 
are grcoKKl witli pure \TUKbDO For clcanmg the vaseline is re- 
mo%cd \nth dr) gnuio and tbo ground glass nnsod i\ith hot water 
RcagenU 

(1) urease wispcntjon 

(a) buffer solution 31^ Gm of sodium acetate 2Gm of sodium 
oxalate 1 Gm of saponin (purest grade, Aferck) and 2 1 ml of glacial 



Fio 30 ApparattB for the detrnnjDatloo of ures mitbout dhtlllation 

acetic acid are dissoh'ed m 1 bter of iroter If only serum or plasma 
IS to bo used saponm and oxalate may bo omittod 

(b) urease tablets Squibb (1 tablet — 0 1 Gm ) Before use 
one tablet m pulverised and suspended m 10 ml of buffer solution 

(2) to 12^ ml of distilled water is added carefully 10 ml of 
H1SO4 concentrated and 3^ ml of concentrated syrupy HjPO* 

(3) potasBium carbonate solution 60 Gm of anhydrous potassium 
carbonate are dissolved in 60 ml of redistilled water 

(4) 16 mg of methyl red and 76 mg of thymol blue are dissolved 
m 10 mL of N/1 NaOH and made up to 100 ml with water 
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(6) 70 ml of N/1 NaOH is mixed mth 6 ml of mdicator solutioo 
(4) and made up to 100 mL with distilled \vater 

Test for correct ratio between solutions (2) and (5) When 6 ml 
of alkali solution (6) is mixed with 0^ ml of nod (2) a famt pmk 
color should result If the color is bright red, the NaOH content of 
the mreture must be mereased, if a yellow or blue color appears the 
NaOH solution must be diluted 

(6) (a) bromine solution m a 1000 ml volumetno flask 20 Gm. 
of KBr are dissolved in approximately 100 mb of water, 2^ ml of 
bromme is added and after the bromine haa dissolved, the solution 
is mode up to the mark with water 

(b) buffer solution S4^ Gm of bone aad crystals (not pul 
venied or molten) and 16 0 Gm NaOH ore dissolved m approxunately 
800 ml of water, heated for thirty minutes to ehmlnate any possibly 
present ammonia and, after coobng is made up to 1000 mL Before 
use, 10 ml of the bromine sdutlon (a) is mixed m a 60 ml volumetno 
flask with 25 ml of buffer solution (b) and is made up to the maik 
with water 

(7) fuming HG, diluted with water 1 1 

(8) 0^ per cent starch solution 

(0) Ivt 

(10) N/lOO sodium thiosulfato soluilcm 
Procedure 

The required number of flasks (fig 30) — 2 for each analysis, 
and 2 blank runs ore filled with 05 ml of ureas© suspension The 
Bidea of the flasks must be free from urease suspension With a 
capillary pipet 0 1 or 05 ml of blood (scrum or plasma) is added to 
the urease and the pipet is rinsed several tomes as usual The glaia 
stopper IS replaced immediately, without greasing Samples and 
blank dotennmations are placed into an meubator at 37* C for forty 
five mmutea. After that time the contents are well mixed cooled 
to room temperature and the ground glass stopper is grea^ ^th 
vaseline The dishes (c) are filled wnth 055 ml of acid mixture 
(2) and placed upon the larger dishes (b) which are attached to tha 
drawn-out part of the ^asa stopper From a fost-flomng pipet ^ 
ml of potassium carbonate solution (3) is dcli\*ered mto the fla«, 
the stopper is put on and fastened wnth springs- Now the flasks 
ore kept for 56-430 minutes (not tongcr) nt 60* C or for three bcurs 
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at 37* C m an incubator They mnj also be left for 14-10 houn at 
room temperature After thw lime they arc removed from the 
meubator, allowed to cool down and the stopper la carefully removed 
The diflh coataming the aad mL\ture is hfted up by grlppmg the stem 
with a pair of forceps and it is slipped carefully mto a Hagedom 
Jensen tube containing 6 ml of indicator NaOH mrrturo (5) Now 
the samples are neutraliaed with N/1 NaOH and 6 ml of hypobromite 
axe added from a pipet with a capiUarj tip A few KI crystals and 
2 ml of HCl are added and the hborated iodine titrated with N/IOO 
sodium thiosulfate from a aorm microburotte until yellow and after 
the addition of a few drops of starch the titration m contmued till 
colorless. 

Caladaium 

Thiosulfate used up by the blank mmus thiosulfate used up by 
the sample multlpbed by OXHOfl (atomic weight of mtrogen 14 dmded 
by 3 X 100) gives urea mtrogen content of the sample m mg If 
(Merenca is multiplied by 23.3 the urea nitrogen content m 
mg por cent is obUunod when 0 2 ml of blood ore used For 0 1 
znL of blood the factor 40 0 ts oppbod. 

frompfs 

thlomirate required by the blank 6 ffl ml 

tblomlfalo roqiilrvd by ibo samplo £ U ml 

dlfforooee 1.23 ml 

1J8 X 23J - 20.S2 

mg. per cent urea nitrogen See also table 10 p 220 The table 
may also bo used to calculate the urea mtrogen content when worlong 
with the above described method, m this case the figures must bo 
divided by 10 

If the nitrogen >tiIuo is multipbcd bj 2 14 or the thiosulfate dif 
fcrcnco by 40£0 the urea content m mg per cent is obtained 

Coionmetrtc Ddcrmtnalton of Urea tn H hote Blood Serum or Plasma 
{0£ ml Sample) 

Pnncjpfc of the method Urea ts comerted mto ammonia b\ urease 
and the ammonia is determmed cdonmctncallj with Ncsslcr’s 
reagenU 
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ReageniB 

(1) buffer solutaon 31.5 Gra of sodium acetate, 2 0 Gm of sodimn 
oxalate, 1 0 Gm of Bapomne (purest grade, Merck) and 2 1 Gm. at 
gWnnI acetic acid ore dissolved m 1 liter of water K scrum or plasma 
ifl to be analyied oxalate and sapomn may be omitted 

(2) standard solution 

(a) stock solution In a 1000 ml volumetric flask 13J2 Gm. 
of ammonium sulfate la dissolved m distilled water and made up to 
the mark with distilled nater This solution corresponds to a 600 
mg per cent urea solution 

(b) working standard 10 mL of stock solution is placed mto 
a 100 ml volumetric floak, 60 ml of glycerol is added and made up 
to the mark with distilled water This solution will keep mdefinitely 
when stored m the refrigerator 

(3) deproteimiing solution 53 ml of 10 per cent sodium tungstate 
solution, 400 ml of distilled water, and 64 ni of N/1 HiSO* (or 13 616 
Gm of KHSOO dissolved m 100 ml of water) ore placed mto a 1000 
ml volumetric flask, water is then added up to a fen cm below the 
mark To mixture are added 2 Gm of secondary sodium 
phosphate and all made up to the mark with water The solution 
u stable 

(4) urease 

(a) urease tablets 

(b) Fifty ml of N/lOO H,SO. ore added to 30 Gm of Jack bean 
meal and shaken for 30 nunutes Then 150 ml of ^ycerol are added 
shaken ogam and left standing over night After that tune the solu 
tion IS filtered through Imen or several layers of gauie This solu 
tion i\ill keep mdofimtely when stored under refrigeration ** 

(5) Nessler’s reagent, see p 140 

Procedurt 

The amount of 0.8 ml of buffer solution (1) is placed mto each of 
2 round bottom centrifuge tubes. To one tube is added 0.2 ml of 
serum plasma or whole blood using a capillary pipet The 
IS nnsed by sucking and blowing out of the mixture To the BecoDd 
tube ifl added 0 2 ml of standard solution (2) To both tubes sxe 
now added either a few grams of urease (4a) or 0.5 ml of urcaso 
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emulsion (4b) and the tubes are placed into a water bath of 46® C 
for twenty mmutes After this time 9 ml of deproteimiing solution 
(3) are added to each tube When solid urease (4a) is used the 
sample is heated in a water bath of 60® C for several minutes and 
then filtered mto a tube marked at 7 ml , until the filtrate reaches 
the mark- The filter paper must be chemically pure otherwiso 
a cloudmeas will appear upon addition of Neasler’s reagent When 
solid urease (4a) is used filtration m absolutely necessary, smee 
centrifuging will not result m a clear eupiematant If urease emul 
oon (4b) is employed it is centrifuged for five minutes at 2000 r pjm, 
7 ml of supernatant are transferred to a tube marked at 7 ml One 
miHihter of Neasler's reagent (6) is now added to each tube and the 
colors are compared m the Hellige colorimeter 


Caleultdion 
(100 - y) X 60 
100 


mg. per cent urease y - colorimeter reading. 


If the color of the unknown sample is more intense than the color 
of the standard the sample is placed into the wedge and the standard 
is placed into the cup and the calculation is done as follows 

100 X 00 . , . j 

— — mg. per cent urease f «» oolonmeter reading. 


Colonmeinc Ddervnnatwn of Urea tn 0J)l~0X>t ml of Whole Blood 
or Serum^ 

Pnnaple of the method Urea is con\'erted into nmmrmm by urease 
and the ammonia is determined cdanmetncally with Neasler’s 
reagent 


Reaffcnts 

(1) buffer solution 31.6 Gm of sodium acetate 2 Gm of sodium 
oxalate 1 Gm of saponin (pure Merck) and 2 1 Gm of glacial 
acetic acid arc dissolved m I liter of water 

(2) standard solution 

(a) stock solution 13.2 Gm of ammonium sulfate ore dissolved 
in distitlod water m a 1000 ml volumotnc flask and made up to the 
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mnrk with distlllod water This solution corresponds to a 000 mg 
per cent urea solution 

(b) working standard 10 ml of stock solution ore introduced 
into a 100 ml volumetno flask, 60 ml of glycerol ore added and 
made up to the mark with distillod water This solution will keep 
mdofinitcly when stored on ico. 

(3) deprotemixmg solution into a 100 mh volumetno flask are 
placed 10^ ml of 10 per cent sodium tungstate solution and about 
60 ml of distilled water, followed by 23 ml of N/1 HtS 04 and mode 
up to the mark with distilled water To stabilize this sodium tung 
state-sulfunc acid solution 0 4 Gm of secondary sodium phosphate 
(NasHPO*) ta dissolved In the mbeture 

(4) urease suspension 30 Qm of Jack bean meal are mixed with 
60 m] of N/l 000 HjS 04 and gently shaken for thirty minutes. Then 
160 ml of glycerol ore added, well shaken and left standing over night 
After that time the solution is filtered through linen or several layers 
of gauso It should bo stored under relrigoration and will keep 
mdcfinitcly 

(5) Ncssler's reagent, see above, 

Pn>cedure 

Two-tenths (0,2) of a milliliter of urenflo-suspension (4) is added to 
0 ml of bulTer solution (1) and 0 48 mL of this mixture b transferred 
to a round bottom centrifuge tube From the fingertip or the 
cariobe 0 02 ml of whole blood (or 0 01 ml if a high value is ex 
pected) is drawn with a Sohh pipot* and transferred mto the buffer 
urease nuxture The pipot la rmsed os usual 4^ ml of buffer 
urease mixture and 0 2 ml of standard solution (2b) are placed into 
on identical centnfuge tube. Both tubes are plaaid into a water 
bath of 46® C for twenty mmutca. To the tube containing the 
sample la now added 0,6 ml of deproteinismg solution (3) and to the 
tube containing the standard ore added 6 ml of the deprotemixmg 
solution (3) The tubes are centrifuged for five mmutce at 2000 
r p m 0 7 ml of the supernatant from the sample Is transferred 
mto a test tube and the supernatant of the standard is poured Into 
a tube marked at 7 ml Now tho sample tube receives 0 1 mh of 

• Capillary pipot boo append p SOI 
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Nccrier’s reagent and the colon are compared m the Hellige colonm 
etar 

Calcu.ati(7n 

X 00 — mg. per cent urea y — colorimeter read mg. 

Should the color of the sample be more intense than that of the 
standard, the sample is diluted Avith distilled water, the dilution 
taken mto consideration and calculated scconiingly 

If a high urea value is expected, only 0 01 mL of blood is used 
0 49 ml of buffer ureaae mixUire are employed m this case and the 
final calculated value is multiplied by 2 

Under normal conditions the urea nitrojen content is 10-15 mg 
per cent (fastmg value, 12-10 houra after last meal) 

The urea level m blood depends upon the protem mtahe. There- 
fore urea values can oily be compared under mmilnr dietary con 
ditKms. 

An mereoae U noted m all cases where an mcrease of nonprotein 
mtre^en o encountered 

A decrease of urea is found 

(1) occariooally durmg lipoid nophrosM (7-10 mg per cent u. n.) 

(2) during acute liver Insufficiency values of 5-10 U N mg per 
cent are found in acute 5 rellow atrophy of the liver ecuto tcrao hver 
diseases (phosphorous, arsenio, carbon totrachlondo poisoning) 
In chronic diseases (clrrhos*, coogestioD, tumors) a low level is rarely 
found* 

TOEA CLEABANCB TEST"-** 

Pnnapte of the mdhod Tho blood urea clearance test mtroduced 
by Moeller McIntosh and D D van Slyke may bo considerod os 
a refinement of the kidney function test It is based on the prmciple 
that under certain conditions the rate of urea excretion is dependent 
on tho blood urea content 

Iho urea clearance fa on arprcasioa of the number of ml of blood, 
from \Tiuch urea ts removed or cleared m one minute by the kidnoj's 
This fa usually expressed in terms of percentage of tbo a\ erage normal 
It depends on the ^ olumo of urino per minute and on tho body wi rfm^ 
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area But onlj m the case of children and over and undemiet 
adults has the latter to bo taWen into account 

Prtxtdure 

The following preparationa and analj’ses ore necessary 

(1) preparation of the patient 

(2) urea determination m blood 

(3) urea detemunation in unne 

(4) calculation and eialuation of results 

(1) Preparation of the patient 

The patient is allowed to cat an ordinarj breakfast and is given 
un additional glass of ivater * 

The bladder is unmcdtafclj emptied completely the specimeE 
bemg discarded The exact tune is recorded at which the subject 
fimahes \oidjng ahich marks the beginning of the period 1 

A.t the end of approximately one hour the bladder a again com 
pletely emptied and the timo noted exactly This marks the end oj 
penod 1 The \ olumo of the entire specimen is carefully measured 
and it IS preserved m the rofngerator 

The patient is given another glass of nnter and blood is withdrawn 
for urea detennmation 

At the end of approximately two hours from the begmnmg of penod 
1 the bladder is ogam completely emptied and the tune noted ex 
actly os marking the end of penod 2 The v olume of unne is care- 
fully measured and it is preserved m the refrigerator unless examined 
immediately 

C ommon sources of error (A) inaccurate tuning of test penods. 
(B) inamirato meaauremeDt of unne v ojumc. (C) mcompleto 
evacuation of bladder In cases m which mterfercnce with complete 
eraptvmg is suspected (e^ prostatic hypertrophy cj’stocelo, preg 
nancrv cer\ ical tumors, etc ) the bladder must bo emptied by catho 
tenxation All diuretics should be avoided previous to the test 

The test la asuAlly performed la tbo momJng a» ertretion to Ice* lubte to 
flactuAte in the hofiTv botTreen breflkfut and lonoh te between 0 tmd ft “ 
(McKftv) but if ncecBsaiy itmay bo done it some other litno at theconvenJ*«* 
of the patient and laboratory The patient to routinely jiven two glflaeco o 
water one at the bogmoins of the teat and ono an hour later Thtoprocnof* 
a fairlj free Aom of unne duriot the teat and dimiDtohes the relatlro error 
may bo catiacd by urine retention in the bladder at the voiding* 
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(2) Urea detennmation m blood (oee p 153 ff ) 

(3) Urea determination m unne 

There are throe mothoda a>ailable to determme urea m unne 

(A) Manometnc determination of urea m unne according to 
7an Slyke 

(B) Vohimetnc determination of urea m unne according toKo- 
vamki 

(C) Titnmetnc determination of urea after decomposition by 
urease 

(A) ManomeiTXC deiermxnaXion of vrta nttn^en 

PrtTiapU 

The urme a treated with an alkalme hypobromite solution and 
the nitrogen liberated from the urea is measured by the pressure 
which It exerts on a column of mercury when compressed to a defimte 
\olume 

Rfagmlt 

(1) Brommo solution 00 Qm of polassmm bromide dissolved in 
100 ml of T\atcr and 2^ ml of brcanine are added This solution 
keeps woU 

(2) 40 per cent sodaim hydroxide 

Immediately before UK5 mi of (1) ore mixed with 0 76 ml of (2) 
Of this solution 1,5 ml is Uic<l for each determination 

Procaiurt 

One milliliter of concentrated unne (sp gr over 1 030) or 2 ml 
of more dilute unne is placed in a 100 ml Erlenmeyer flask and either 
19 or 18 ml of water arc added to make the volume up to 20 ml • 
Three Gm of pcrmutit is added and the mixture is shid\.en for about 
four minutes to remove ammonia and filtered through a dry filter 
mto a dry flask 

One milliliter of water is placed m the cup of the i-an Slyko-Neill 
apparatus (seo p 30) Two ml of the unne filtrate arc pipeted 
through it mto the reaction chamber The pipet is withdrawn 
the water is run mto the chamber and Is followed by 1.6 ml of the 
hyTiobromlte solution The cock is sealed with a drop of mercury, 
the mcrairy m the chamber is immediately lowered to the 60 ml 

If tbo onuo coDt&los albomlD it vboold b« removnl m follows 2 ml of 
unne 12mJ ofdat »ster2m] of 4 5 per cent ZnSOi lad 4 ml of\/10\aOH 
are tniTcd tofelLer and filtered 
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nmrk and the chamber shaken for two minutes The volume of 
libomtod gas is then reduced to two ml and tho pressure Pi Is read 
DQ the nmnomoter 

A blank arndyso is run m which 2 mJ of water previously shaken 
with pormutit replaces tho unno filtrate Tho manometer reading 
ts token os 


7 — FadOT$ by vkick pmturtt art MtuUtpittd to QtM urea amUHioftrH*4 


Topmtmre (*C) 

OIrlaf arts per HO cc. 

• 1 

OJ 

16 

6 60 

3 36 

16 

6 67 

8 34 

17 

6 64 

S 33 

18 

6 62 

a 81 

10 

6 00 

8 30 

20 

667 

8 20 

21 

6 65 

S 28 

22 

6 63 

8 27 

23 

6 60 

8 25 

24 1 

0 48 

3 24 

25 

0 46 

8 23 

26 1 

0 44 

3 23 

27 

6 41 

8 21 

2S 

0 30 

8 20 

20 

0 37 

8 10 

30 

6 36 

8 18 

31 

6 S3 

1 8 16 

33 

6 30 

' 8 16 

33 

6 28 

8 14 

34 

6 20 

1 8 13 


Note tho txjmporoturo of the water Jacket surrounding the reaction 
diambor 

Caleulalwn 

Tbo pressure duo to the nitrogen liberated from tho uroo is equal 
to Pi — P» The per cent of urea is calculated by multiplyiDS 
this result by tho factor given m table 7 This factor vanes with 
tbo temperature. 

The chamber of the apparatus need not be washed between the 
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succea n vo analyses of a senes. Consequently analyses can be ran 
off at the rate of about one every four or five mmutea. 

One blank analysis run at tbo beginning, serves for an entire 
senes of onalj'scs. 

This method is convenient for the occasional analysiB since no 
standards are required (irith consequent danger of dctonoration on 
long standing) and the reagent keeps indefinitely 

(H) Volumdne dderminaUon of ureo ta vnntP (according io Kovcrtki) 
Pnnaplc of Ac mdhod Urea is decomposed into nitrogen, water and 
COi by an ftiVHltnpi sodium hypobromite solution 

/NH, 

C - 0 + 3BrONa - COi + 2 H 5 O + Nj + 3NaEr 



The COj IS bound by sodium hydrondo wMlo the liberated nitro- 
gen IS determined volumetncally From this tbe omixint of urea 
present m tbe unne ts calculated 

Beagenin 

(1) saturated sodium chlonde-sodiom sulfate solution 100 Qm 
of sodium sulfate and 350 Gm of sodiom cblondo Is heated to boiling 
with 1 liter of water allowed to cod and filtered. 

(2) 30 per cent sodium hydreeddo solution (prepared from NaOH 
pimfied with alcohol) 

(3) bromine 

(4) 10 per cent tnchloracotic acid or if no tnchloracetic acid Is 
available, sdutions 

(6) 4.5 percent ZnSO^ 

(0) N/1 NaOH 

Apparatut 

The determination is best earned out In the Kownrski urometer 
Thuj consists of a Unshaped glass tube which may be divided mto 
3 compartments with the aid of 2 stopcocks (fig 31) 

ProceduTo 

Five milliliter of unne arc pipeted mto a wide test tube (or better 
a Hagedoni Jensen tube) Tmeo 5 ml of distilled water are added 
with the same pipet. This is followed by 6 mk of tnchloracetic 
add (4) The mixture is ivcU slinkcn and filtered. If no trichlor 
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acctio floid la a^ ailable thc^ doprotemiiiDg maj bo done as follows 
To 6 ml of unne are added 5 ml of 4 5 per cent ZnSO* (6), 1 ml of 
N/1 NaOH and 9 mb of distilled nater It is well shaken and filtered. 
Non the urometer is filled mth the NaCl NoiSOi solution, but first 
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the upper stopcock is ojxmed and the lower 3-wny stopcock is nd 
justed so that the black dot pomts towards the rear The solution 
IS poured into tho n^t arm until its le%’el reaches aborc the upper 
stopcock. Now this stopcock is closerl and the 3-way stopcock b 
adjusted so that the black dot pomts down With the stopcock m 
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this position the left ann is connected i\nth the draining tube and 
ncgatuo pressure is established m this port of the apparatus With 
the accompanjnng pipet the liquid is reraoied from the upper part 
of the left arm and the clear hltmte from the test tube is mtroduced 
The hquid lervcl is noted now the upper stopcock is carefuUj turned 
and exactly 2^ ml of the fUtnito u* allowed to enter the loner part 
of the tube The remamder of the filtmto is removed with the pipet 
the tube is nnsed mth distilled water which is agam remmed with 
the pipet, the washing IS repeate<l Now 10 ml of 30 per cent NaOH 
placed mto a test tube 20 drops of bromine arc added from a drop- 
ping bottle and the mixture is poured back and forth smeral times 
from one tube into another This sodium hvpobroraito solution is 
poured into the upper part of the left arm, the stopcock is opened 
and 6-0 ml qf hjqxAiromite (according to the urea content) is allowed 
to enter the tube dowl> The hbemtod gas will push the NaCl 
Nai80< solution out throufdi the dmining tube After ten mmutes 
when the gas development has ceased and the liberated nitrogen has 
coded to room tempieraturc, the 3 wav stopcock is turned so that the 
black dot points again towards the rear In this position both arms 
of the U ore connected Sbee the measurement of the gas must be 
earned out at atmewpbeno picMuro the 3 wb> stopcock is slowij 
turned bO that the black dot points upwards which causes the 
NaCl NaiSO* bolution to dmm from the nglit side TTie liquid 161*61 
is adjusted to the tame height in both orm^ The uren content is 
ralaibted os foUowv The amount of lilicmtcd gns is noted cxactK 
In table 8 the figure is looked up which corresponds to the tempera 
turr and iKiromctnc prct-'Sire of the experiment This figure mul 
tiplied Ia the figure found for the gas Aolume gi\*es the amount of 
urea m mg per cent 

Exampic 

Thn?c nnd fiie-tcnf lis millihlent of gns are hiierated at ii tempeni 
turpof20 C nnd a luiromefnc pr^^sure of 700 mm. Tlueo and fivr- 
tentlis multiplicil In the figun found In the talik* o<iuaN amount of 
uren m milligmms per eent 

3J) X 3^)2 — 1372 mg per cent 

Uter the determination the contents of the left arm are rcraoied 
l)> opening tlie upper stojicock and adjusting the 3 waj stopcork 
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U — urea concentration of unne (m mg per 100 ml ) 

B — urea concentration m blood (m mg per 100 ml ) 

V— urme volume per mmute 

Example for calculation of a ‘^maximum urea clearance" 

Urea concentration of urme (U) — 430 mg per cent 
Urea concentration of blood (B) — 32^ mg per cent 
Urmo volume per hour — 231 ml 
Urme volume per minute (V) — 3^ ml 

C*i — ^ ■> 60 Omlofbloodcleared of urea per minute. 

B 32.5 

1.33 U V 

Percentage of average normal C« — — ^ — 


- 1.33 X fiO 9 - 67 09 per cent 


Example for calculation of a ' Standard urea clearance " 

Urea concentration of unne (U) — 1630 mg per cent 
Urea concentration of blood (B) — 30 mg per cent 
Urme volume per hour — 40 ml 
Urme volume per minute (V) — 0 70 ml 

c - 5^ = 61 X V070 - 61 X 0 87 

= 44.37 mi of blood cleared of urea per mmute.* 


Percentage of average normal C. 


185U%/V 

B 

- 1.86 X 44.37 


82.08 per cent 


Accordmg to van Slyhe Page Hiller and Kirt (J Clm Invest. 
14 901, 1936) results ore somewhat more consistent if, m the formula 
gi\’en abo\e one uses for ‘TJ" the urinary concentration of urea N 

• To fftcUitato the ftqiuro root oolculfttion see table 9 The equars 
may be Interpolated m the following way For emmple the square root of 0 
U to be determined From the table it is seen that -s/O 70 “ 0.81 and v0W_^ 
0.80 1 e between \/o 70 and\/o 80thoBveragBTalaofor\/6^ bO 
- 0J)O6 If -v/oTS is to bo calculated 6 X OJXtf - OJOS will hare to bo added 
to 0.ai - 0.87 
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plus ammonb instead of onlj urea N Tho technical procedure 
Is then also siraplificsl since Iho process of reTno\al of anamonia b\ 
pcrmutltc IS elmiinatcd If this method is cmplo\-ed tlic folIo^nnR 
fonnulac are substituted for those gi\cn abxnc 


Percentage a\*eragc normal C» 


B 


Percentage average normal C 
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Normal valuer 70-lW per cent of t!ic a\cmge normal 
The calculation of tl>c urea clenranco is simplifitHl bs the u«e of tlie 
line cliarts (fig 32 a h) 

If the urine \olume is Icj-s than 2 ml the standard clearance is cal 
culatod and if the unne \olume exceeds 2 ml per minute the maxi 
mum clearance WTien the line clmrfs arc iwl it is ncce*sarv to 

colnilatc In anthmctic onl\ tlie \Tilue of the quotient ^ in terms of 
mg per cent \ is e^timattsl in ml of unne per ramiitc A thread 
htretrhwl acn>s from the \alue ^ "HI cross the mner scale at 

a point ifvhcating lioth the al>solute clenrnnec and the percentage 
of normal 

^iffnifirancc of Ihc a6normrt/ rcsid/s Tlie determination of the 
blfxid urea clearance ls periiaps (lie mo^t xnhinble and most neeuratr 
single method of delecting tlie proM'nce and estimating the extent 
of rmnl function in ufficicnc\ It cannot l>o empln\cd to indicate 
the prefer or nature of renal In gloraerulnncplintis 

blood urea clearance ma\ !>e a> ume<l to iralirale tlie proportion of 
gloroenibr li ue ‘‘till functioning In nrphrrwlcrx>*i it max Ik* 
a umol to indicate the relntne adequarv of tlie renal nrcubtion 
‘significant altrrati«m In blitml um \ roncenlration u*uall\ does 
not ocnir Irfore the urea rlenrnnrt xalncs fall to »0 per rent of the 
nxeragr normal 

I xpencnci lia hlimxn tluil if a lowered clearance \alur in acute 
gloxTXTuloncphntis d(ie> not liegin to ri'e ^tead^> tovianl normal 
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Pio 32a Line chart for the caloulatlan of the tm* clcartitee 
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Pia 326 Udo cb^rt for the cftlcolstioD of tb« oru eleonmce 
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within four months after tho onset of tlio disoase the process is prob- 
ably progressing mto tho chronic active or terminal stages Uremia 
almost mvpnably supervenes when tlie blood urea clcomnce falls 
to 6 per cent normal 

Detlruination of Ammonia 
Tttnmdnc Detcrmtnalion of Ammonia 
I^naple of (he method As suggested by J K Pomaa and coll 
the ammonia is libomtcd by sodium borate and nborbed m dilute 


Table 0 — Table o/ Sqvart Roai* 


0 1-0^ 

] J - 1 05 

OJJ ~ 0 43 

- 1 JO 

OJ - 0£3 

1^ - 1 14 

04 0<B 

1 4 - 1 18 

0 5 - 0 7i 

U - 

0 6 - 0 78 

10 - 

07 - 0A4 

17-1^ 

OA - 0^ 

- 1^ 

Oil - 0115 

1X> - 1J8 

1X1 - 1X1 

2X1 • 1 42 


HCl It 18 ondiied by the addition of a measured amount of NaOBr 
solution of known titer and tho excess bypobromito a titrated ivith 
a known naphthyl red solution 

Readion equation 

NaOBr + NaBr + 2H " 2Na + IhO + Br, 

Tho dye solution reacts like pormanganato solution The amount of 
dye solution used till tho appearance of ita oini color is proportional 
to tho excess bromine present Tho nnphtliyl red method can only 
bo used for amounts of ammonia ranging from 1-20 y 

ReaqcnU 

(1) Dilute NaOH is added to 20 ml of a N/lO bromine-potassium 
bromide stock solution (see nonprotem nitrogen determination wi 
out distiUation p 144) until the brown color disappears, this is o 
• Mainly oocordJnt to Toraten ThooroU Dloclicni ZcltBchr 24S 248 183^ 



dutebminatton or nonpbotein nitbooen 


177 


lowed by 60 ml of N/ 1 Bodmm carbomite Bolution and made up to 1 
liter with distilled water This solution can only be used a few hours 
after preparation however it will keep for sev eral days when stored m 
a cool and dark place 

(2) naphthyl red stock solution In a 100 ml volumetno flask 100 
mg of naphthyl red la dissol\ed m 6 ml of N/1 NaOH and made up 
to the mark with water 

(3) 6 per cent KBr solution 

(4) acid mixture 00 ml of glacial acetic acid and 7 6 ml of oon- 
centrated phosphonc acid are mixed and made up to 100 ml with 
water 

(6) ammomum sulfate stock solution 0 4710 Gm of pur© am 
monium sulfate is diseolved m 1 liter of water Immediately before 
use this stock solution la diluted ten timea with water 1 ml of the 
dilute solution contains 10 7 of ammonia nitrogen This solution 
may also be prepared by a en fold ddotion of the ammonia standard 
solution deecnbed under colonmetnc semimicrocaethod for the deter 
mmation of nonprotem nitrogen (see p 140) For example m a 15 
ml volumetno flesk 2^ ml of this solution is made up to the mark 
with water 

(6) eatoruted sodnim borate sohitiaa (pH = 9^) Tha solution 
must be heated for thirty minutes before use 

(7) water, absolutely free from NH* (purified with permutrte 
see p 130) 

Procedure 

Immediately after being drawn (otherwise ammonia from adeno- 
sine phosphono acid will be liberated) 1-2 mL of oxalated blcxxi are 
transferred mto the distilling flask of the below described apparatus 
(fig 33) Four ml of borate buffer (0) and a few drope of mmeral 
od are added and the ammonia is distlDed for twelve mmutes at a 
reduced pressure of 20-30 mm Hg Into the receiver is placed 2 ml 
of approximately N/200 HCL 

Apparatus and procedure (fig 33) 

The steam generator (1) is half filled with boding water acidified 
with H»PO*- The 3-way stopcock (4) of the steam generator is 
adjusted to lot the steam pass mto the open air through the flftfJf 
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(2) instead of into the distiUmg flask (6) The receiving flask (13) 
which has proviouflly been waahed with dilute sodium hypobromite 
solution and rinsed thoroughly with ivntcr is filled with appromnately 
3 ml of N/200 HCl The sample is introduced mto the distilling 
flnaW (6) through the funnel (7) Then 2 ml of mineral oil (to pre* 
\'ent foaramg) and 4 mL of saturated borate solution for nlLahimg 



ThoffBten TheorcU 

are added. Stopcocks (7) and (12) ore closed, the 3-way stopcock (11) 

is so adjusted as to connect ft water pump and mercury manome^ 
with the apparatus When a vacuum of 20-30 mm Hg ^ 
reached the stopcock (4) is turned to permit the steam to reac e 
distilling flask (6) it la manipulated slowly and carefull> ^ ' 

position is adjusted so that the contents of the flask (6) begm 
boil and the flask feels warm to the touch (40-W“ 0 ) A ^ 
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dentation on the 3-way gtopcock facilitatea the adjustment The 
stopcock (9) IS adjusted so that the condensmg droplets fall one by 
one into the receiver In this manner moderate boilmg m the 
receiver is achieved without loes bj flashing 'Ihe stopcock (9) 
facilitates temperature regulation in the receiver as well as m the 
dtstOlmg flask mdependently from each other If the stopcock has 
once been properly adjusted it will require only occasional resetting 

The distillation is usually completed after ten minutes, when 
10-16 ml of water have pasaed mto the receiver At this point the 
distillation is interrupted the stopcock (4) is closed towards the 
apparatus, the vacuum stopcock (11) is opened towards the air, so 
that it is closed towards the receiver Immediately after that the 
funnel stopcock (7) is opened slowly (watch for backing up of fluid), 
so that air may now enter the apparatus- The receiver is discon 
nected and the drops at the tip of the condenser tube aro rmaed off 
vnth some water throu^ the funnel (12) The titratioa is performed 
directly m the receiver flask or its contents are transferred mto a 
small flask (it Is better to have at bond several small exchangeable 
flasks all equipped with the some sixo ground ^aas jomt to fit the 
apparatus) SUpcock (4) must not be greased, but should be 
mdstened each time ivith water which can bo mtroduced throug^i the 
short auTvay of the stopcock AH other stopcocks and ground glass 
parts should be covered vnth a thm lajcr of j’ellow vaseUne or mineral 
oil (all matenals used must bo tested for NHj) Ihe steam generator 
(1) IS filled from the flask (2) after removal of the plasma (negative 
pressure) 

Bourccs of error during distlUstion In this method of distillation 
an error may arise from the fact that the dtstilUng flask a kept too 
cold so that not nil tlio ammonia present will distiU over \nthm ten 
minutes To a\ oid tlifa the steam-stop cock (4) should be so ad 
justed as to keep the distilling flask slightly warmer than room 
temperature this can bo ascertained bj touch The steam generator 
ma> cootam Interfering matenals All rubber connectioos of the 
mcuum Bj-stcra (mcludlng thoso leading to the pump and manometer) 
must be kept os short ns possible and the tubmg should be boiled 
m vaseline In vacuo 

Tjtraiion To the famtl> ocid Uistdlato m the receiver flask 
(or after transfer to a 60 ml flask) are added exactly 2 ml of sodium 
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hypobromito eolution drop by drop After at least 30 seconds 1 ml 
of IQ3r solution and 1 ml of acid is added. The sample is ggam left 
for thirtj seconds and is then titrated with shaking with the yellcnr 
naphthyl red solution until a famt pink color appears which remanis 
stable for at least ten seconds The change of the colorless solution 
to a famt pink (end of the titration, acid change of mdicator) can 
be observed exactly to 0 02 ml with some expenonce 

Potassium bromide is added for tn o reasons 

(1) Bronune dissoKcs readfly m aqueous solution of potassimn- 
bromide forming a tnbromide ion Br* -f* Br' = Brj The resultant 
solution has a much lower \ apor pressure than the solution erf bromine 
m pure water, consequently the loss by volatixation is consKierablj’ 
diminished 

(2) the HBiOj resultmg from a rearrangement of sodium hypo- 
bromjto reacts with KBr to form bronune 


3NaOBr = NaBrO, + 2NaBr 
NaBrO, + 6IvBr + OH = 3Bi^ + 3H^ + Na + 6K 


Since the naphthyl rod requirement depends upon the bromine 
ion concentration and the pH, the acid as well as the KBr must be 
measured out very carefully Exposure of the sample to direct sna- 
hgbt should be a\oided Marbles or small watch glasses placed cm 
top of the flasks protect from dust during the various manipulations 
It IS most important to titrate slowly The 10 ml burette contaming 
the naphthyl red solution should be equipped with a fino tip so that 
the drainmg time (\vith wide open stopcocks) for 10 ml is 60-70 
seconds After several analyses the titration flasks must be washed 
with alcohol and rmsed well with water The distiUmg flasks must 
be washed with sodium hypobromito and water before each deter 


mi nation 

Sources of error m the titration contamination material such as 
dirty flasks, dust etc w^ll mterfere with the titration 

The following condition may lead to errors if excess 
present it will not completely react with the hypobromite (m 
oddl>) on the contrary the bigger the excess of ammonia the 
hypobromite is left without reoctmg Consequently smaller 
of ammonia than actually pres en t m the sample will be found ^ 
naphthyl red titration If one is not certain whether the sel 
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amount of sodnim bypobromite k sufficient for the NHj present, a 
parallel experiment should bo performed with one-half the amount 
of distillnto or with an aliquot part of the dotillato This may bo 
done as follows the distillate is transferred quantitatively mto a 
volumetnc flask and made up to the mark with water If the amount 
of NHg IS too large a more concentrated hypobromito solution b used 
It IS also possible to choose different concentrations of naphthyl red 
and of hj’pobromito (With a N/3500 solution of naphthyl red pro- 
pared bj dflutmg 12 ml of stock wdution to 1 liter with water, exact 
color changes with one drop can be achieved as long as the total 
volume docs not exceed 10 ml 

If 0 4 mb of N/600 sodium hypobromite solution is used and the 
titration is performed x\^th N/3503 naphthyl red from a 2 ml exact 
rmcroburetto values of 0^-1 y con be detected very exactly, if the 
\ olume docs not exceed 5 ml ) 

CoIcuIaUen 

(1) determination of the titor of the dyo solutlcm 1 ml of dilute 
standard solution U distilled 2 ml of NaOBr are added, and the 
amount of dj-o required is detomuoed by titration The amount of 
dye used up by 2 ml of hypobromito solution is also determined 
The difference PO between tho amount of dye required by the hvpo- 
bromito solution and by the ammonium sulfate solution corresponds 
to 10 -y of ammonia nitrogen 1 ml of dye solution corresponds to 

^ 7 of ammonia nitrogen In the sample 

(2) calculation of the ammonia nitrogen In the blood sample 
amount of dyo used up by tho blank mmus amount of dyo used up by 

tho sample multiplied by ^ results In y ammonia nitrogen 


Eiamplf 

2 ml h>'pobromUc require 0 76 ml of naphthyl red 

I ml of amminlurtMJlfttte aal cor 
reap to 10 T N 4 IS ml of naphthyl red 


10 T \ require 6JI7 ml of naphthyl red 

I ml of naphthyired correepoodj to I 70 t nltroxen 
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hj-pobronute sohition drop by drop After at least 30 seconds, 1 mL 
of EBr solution and 1 ml of acid is added The sample is again Wt 
for thirty seconds and is then titrated with Bhnkmg with the yellow 
naphthyl red solution until a faint pink color appears which remains 
stable for at least ten seconds The change of the colorless solutioo 
to a famt pmk (end of the titration, acid change of mdicator) can 
be observed exactly to 0 02 ml with some expcnence 
Potassium bromide is added for two reasons 

(1) Bromme dissolves readily m aqueous solution erf potassium 
bromide forming a tnbroniKio ion Br* + Br' — Bri The resultant 
solution has a much lower \ apor pressure than the solntioo of bromine 
m pure water, consequently the loss b> \olatiiation ts considerabJy 
diminished 

(2) the HBrOi resulting from a rearnmgement of sodium hypo- 
bromite reacts with KBr to form bromme 

3NaOBr - NaBrOj + 2^aB^ 

NaBrO, + 6E3r + 6H " 3Bn + 3HrO + Na + 6K 
Smee the naphthjl red requirement depends upon the brotnnie 
ion concentration arid tho pH the acid os well as the KBr must be 
measured out very carefully Exposure of the sample to direct son- 
light should be avoided MarbUs or KTnah watch glassca placed on 
top of the flasks protect from dust durmg the various manipolaticmB. 
It is most important to titrate slowly The 10 ml burette containing 
the naphthji red solution ahould be equipped with a fine tip so that 
the drammg time (with wide open stopcocks) for 10 ml is 60-70 
seconds After 8e\’erQl onalj’ses the titration flasks must be washed 
with alcohol and rinsed well with water The disti ll i n g flasks must 
be washed with sodium hypobromit© and water before each deter 
mnmtioei 

Sources of error m the titration contammation material such as 
dirty flasks dust etc will mterfere with the titration 

The following condition may lead to errors if excess ammonia b 
present it u-ill not completely react with the hjTwbromite (rather 
oddlj) on the contrary the bigger the excess of ammonia the more 
hypobrormte is left without reactmg Consequently smallor amoon^ 
of ammonia than actually present m the sample will be found by 
naphthyl red titration If one is not certain whether the sd 
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amount of sodium hypobroimte is sufficwnt for the NHi present, a 
parallel expenment should be performed iNith one-half the amount 
of datiUata or with an aliquot part of the distillate Tlits may be 
done as follows the distillate is transferred quantitatively mto a 
\ olumetnc flask and made up to the mark with water If the amoimt 
of NH» a too large a more concentrated hypobromite solution is used 
It IS also possible to choose different concentrations of naphthyl red 
and of hypobromite (With a N/3500 solution of naphthjl red pre- 
pared by diluting 12 ml of stock solution to 1 hter with water exact 
color changes with one drop can be achieved as long os the total 
volume does not exceed 10 ml 

If 0 4 ml of N/500 sodium hypobromite solution is used and the 
titration is performed nTth N/3503 naphthyl red from a 2 ml exact 
microburetto, values of 0^-1 7 can be detected very exactly if the 
volmno does not exceed 6 ml ) 

Cofeukthca 

(1) detenmnatiOQ of the titer of the dyo solution 1 ml of dilute 
standard solution Is distilled 2 ml of NaOBr are added, and the 
amount of dye required is determined by titration The amount of 
dye used up by 2 ml of hypobromite solution a also dotermmed 
The differenoo (X) between the amount of dyo requued by the hypo- 
bromlto solution and by the ommomum sulfate solution corresponds 
to 10 7 of ammonia mtrogen 1 ml of dye solution corresponds to 
10 

^ 7 of ammonia mtrogen m the sample. 

(2) calculation of the ammonia nitrogen m the blood sample 
amount of dye used up by the blank mmus amount of dyo used up by 

the sample multiplied by ^ results In 7 ammonia nitrogen 


Examplf 

2 ml hypobromite reqalre 9 76 ml of naphthyl red 

1 ml of ammonlamfiilfato B3l cor 
re*p to 10 r N 4 18 ml of naphthyl red 


10 7 N retprire 6.67 ml of naphthyl red 

1 ml of napbthylred correaponda to 1 70 7 nltrocen 
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With 2 ml of hypobromite m tho recervBr the distillate of 2 ml of 
blood requires 8 70 niL of naphthjl red, consequently tho sample 
contains (9 76-8 70) X 1 79 t nitrogen = 105X1 70 - 
The ammonia nitrogen content of the blood is 0 0936 mg per cent, 

Colonmctnc DeterTntnalton of yimmonia®~* 

Pnnctp^c of the method Sinco the amount of ammonia present in 
blood la very small, its determination requires espcciall> designed 
apparatus and very careful nork The ammonia is steam distilled 
m vacuo over a penod of 3-4 minutes which has tho same effect 
if 160 bter of on mdifferent gas had been sent through the sample 
being analyxed Steam and ammonia are condensed together, ab- 
sorbed m acid and the ammonia is dotermmed colonroetncally Viith 
Neaslers reagent 

RmQenle 

(1) saturated sodium borate sohiticm, freed freon amm c mi a by 
prdonged boibng One ml of this solutaon will provide 2 ml. of 
blood With the pH suitable to prevent spontaneous fonnation d 
NHj and equallj suitable for the bberation of preformed NH* (pH 

- 9J2) 

(2) nuneral oil 

(3) N/10 HCl 

(4) ammonia free sodium or bthium oxalate 

(6) Neasler’s reagent (eee p 140) 

(6) ammonium sulfate standard solutaon containing 0 002 mg 
of mtrogen per ml * 200 y per cent This solution is best prepared 
from tho amonium sulfate standard solution used m the colonmctnc 
semi micromethod for the dotermination of nonprotem mtrogen 
(solutaon 3, p 140) In a 160 ml volumetnc flask 5 ml of this 
standard solution is made up to the mark with water 

Apparatus see fig 34 

Steam IB generated from a round bottom flask, containing 
phosphono acid and equipped with a 3-hole cork stopper 
steam passes through a pyrex stopcock (P) mto the distflhng flask 
(D) The excess steam is led belon the nator surface of a pa* 
flask (W) Since rubber stoppers surrounded by hot water vapors 
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are omitted m this apparatus, no mterfertsnce from sulfur compounds 
or ammonia from rubber stoppera can occur Any rubber coancotious 
of the apparatus are to be kept very short or should bo avoided 
entirely by fusing the glass parts toother A piece of idlvor mrah 
IB inserted between (A) and (O) to retam any poesibly present hydro* 



Pio 3-1 Apparmtos aeoordinf lo Pamaa for tbo drlerraiiutlon of tnuDOOiA 
in blood 

gen bulfido The receiver (\0* w attached upon the ghis^ support 
so that it raaj bo placed hi^ior or lower ns needed The condenser 
tube IS made of silver It ts advantageous not to place the rubber 
ijtopper (C) holding the jacket of tho rccou'or (\') dircctlv upon the 

Tlie rc«eiv«r fluk abould cury sroduaUoos so that the atandord aotatioa 
may b« made up to the samo volume aa tbo aample 
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silver tube, but to coat tho eJver tube witb Khotmaki cement wben 
still warm and then sbp the stopper over that layer of cement Other 
TNTse the silver corrodes from the sulfur of the rubber* and the con 
nection looeens The diameter of the receiver should measure at 
least 10 mm and it should bo made of heavy glass- It is hig^ily 
recommended to mamtam tho mdicated measurementa- The most 
important factor m the arrangement mode b> Pamas is the use of 
controls to eliminate poaBiblo errors. 

Procedure 

Each analysis is performed in several steps 

(1) the reagents, i.e , borate and mineral oil, are distilJcd The 
distillate (4 ml of V. atcr) is absorbed in the receiver m 2 drops of 
N/10 HCl and should not give more color with NesslePs reagent than 
4 ml of distillod water Otherwise the distillation must be repeated 

(2) now tho blood a added and ogam 4-0 ml is distihed off TTib 
represents the analysis of the sample. 

(3) another 4 ml of water is distilled, this distillate must be either 
entirely free from ammonia or m cases of a very high ammonia coo* 
tent of the sample should c<^tani not more than 0 1 y 
ammonia is present, t,hi« distillate is added to the distillate of the 
analysis and tho dtstdlatiOD repeated This last distillate mud 
be free from ammonia 

(4) a known amount of ammonia is added, and distilled, the added 
omoimt of ammonia must be recovered quantitatively 

Control (1) serves to test the reo^nts and the apparatus for traces 
of ammonia Control (3) mdicatos the completion of the distillatian 
and control (4) shows that at the pH of the borate even large amounts 
of ammonia can be recovered quantitatively 

Perfomwiee of the analysis 

The opparatufl is cmmected as indicated m figure 34 The water 
pump IS turned on tho steam generator bods rapidly, and steam 
escapes to the outside throu^ W The stopcocks P, B, and C are 
dosed the receiver contains 2 drope of N/10 HCT and the condenfler 
tube reaches below the surface rf the acid. 

• All robber vtoppen and tablnpi must be boilod In vaseline in vaetio 
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The f jnncl fa filled with 2 ml of mineral oil and 1 ml of borate 
solution, stopcock C is opened and by careful opening of Btopco k B 
oil and borate eolation are allowed to enter the distlllmg flaak. Then 
stopcock B IS agnm closed Now stopcock P a slowly opened to per 
mit steam to enter the distfilmg flawk The exact poeition of the 
stopcock must be found out experimentally the temperature of the 
distilling flask serves os an indicator it should not nse above 30^ C 
Also the water from the rccemsr must not nse m the condenser tube 
While adjusting the correct flow of steam the receiver fa carefully 
lowered so that the end of the condenser tube just barely dips below 
the surface of the liquid As soon os 4 ml have distilled over, the 
condenser tube is removed from the receiver to allow 1 ml of water 
to drop off freely Stopcock P la closed then stopcock C and finally 
air fa allowed to enter slowly throu^ P Hie receiver is removed 
from the apparatus, it is tested with Kessler’s reagent for the presence 
of ammonia, and if the test a negativo the actual analysis may bo 
started 

Again 1 ml of mineral oil is poured Into the funnel stopcock C 
IS opened and exactly 1 ml of oxalated blood is layered beneath the 
nunenl oil By careful, but rapid opening of the stopcock blood and 
mineral oil are mtxoduced mto the distUlmg flask In this manner 
the sample fa transferred quantitati\eiy Once the blood has entered 
the flaak it fa immediately hemolysed and begins to foam because of 
gas liberation Without further waiting the distillation is started 
by adjusting stopcock P so that the temperature of the blood mixture 
docs not nsc abo\'e 2o C the temperature can be estimated by 
touching the flask Rapid distillation will not cause any foammg of 
the alkaliicd blood mixture foammg will only occur uhen the liquid 
becomes overfieated and the steam is then suddenly turned off 

In this manner 6-8 roL are distilled off, the stopcocks are closed 
as described above and nmv the control distillatioiis 3 and 4 ore corned 
ouk If the ammonia content of the blood fa leas than 0^ mg per 
cent 2 mk of blood and 3 ml of borate solution are used, but not more 
than 0-6 ml are distilled over Several blood samples may bo dis- 
tilled without emptying the distnimg flaak, but a control distillation 
(3) must bo earned out each time. Each distillation will take 3-4 
mmutes- 

One mk of standard solutioo (6) fa placed mto a second recemng 
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tube and nmdo up with b atcr to the same volurao ns tho sample 025 
ml of NcssIct’b reagent is added to both tubes and tho colon arc 
compared in tho colonmotor 

To omptj and clean tho distilling flask it is filled with a-atcr from 
B and tho water is sucked off through tho stopcock P ^Vll readnes 
from blood must bo complctclj romo\ed from the flask, whereas 
mineral oil residues maj bo left behind 

/Vs an iiapro\cment according to Stojanowitsch” Pnmas recom 
mends to dmw the blood from tho ^cin immediately into a synagr 
filled with borato solution to pro\ent any spontaneous ammoiua 
doNTlopmont. 

Errimplc 

2 ml of blood used for analy'sts 

1 ml of standard (same ^olllmo os distillato) pontnins 2 y 
reading of standanl 10 

reading of sample IS 

tho ammonm content is calculated according to tho fonnula 

12^? _ ^ _ 1 1^, in 100 ml of blood 1 1 X 60 
lo IS 

- 65 or 0 055 mg per cent 

Tlio nonnnl voUio of ammonia is 0 06-0 1 mg per cent, 

Detkbiunation op /Vim»o Acids” ” 

Deiermtuatton of Free Ammo Aads 
PnnapJe of Me mefhod In (ho tnchlomcotic acid filtmto of wh^ 
blood or Bomm tho free ammo ncida arc condensed with ^naphth^ 
quinonc sulfonic acul TIio resulting y“cUow color, which in coot 
to tho ^cllo\v color of tho sulfonic acid does not disappear 
addition of sodium tbiosulfato in family acid solution, is compared 
in tho Dubosquo or Holligc colorimeter ^vith a standard ammo aci 
solution 

Rcoffenii 

(1) twenty per cent tnohlomcotio acid 

(2) N/1 NaOH 
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(3) two-tentlifl per cent alcc^oUo phcsnolphthalein soluboo 

(4) saturated borax solution 

(6) Bodium-jS-naphthoquinono sulfonate 0 05 Gm is dissolved 
m 20 ml of cold distilled water (to be prepared freshly for each deter 
nunation) The reagent may only be used when its yellow color dis- 
appears upon the addition of thiosulfate 

(0) ammo acid standard solution 

(a) stock solution 75 mg of ^ycocoU and 147 mg of glutamic 
acid (corresponding to 28 mg of mtrogen) are placed into a 200 ml 
volumetno containing 40 ml of trichloracetic acid (1) and is 
made np to the mark with water This stock solution (contain 
mg 0007 mg N m 0 ml) will keep over a long period of tuns, 

(b) dilute working standard (a) for the Dubosque colorimeter 
39 ml of 20 per cent tnchloracetio acid art added to 6 ml of stock 
solution and made up to 100 ml with water 03) for the HeHige 
colorimeter To 10 ml of stock solution m a 100 ml volumetno fla^ 
are added 38 mk of 20 per cent tnchloraoetto acid and made up to 
the mark with water (containmg 0 014 N m 7 mJ ) 

(7) 4 per cent sodium thiosulfate solution 

(8) acid solution 4,5 parts of N/1 HCl 1 part of glacial acetic 
acid, 2,5 parts of a fcmnolm solution contaming ml of 40 per 
cent formalm per 100 ml 

Procedure 

(a) for the Dubosque colonmetor One ml of water and 0J2 ml 
d blood or serum arc accurately measured mto a short test tube 
To this is added 0,8 ml of tnchlomcebc acid with the aid of the pipet 
shown m figure 4 After centrifugation at hi^ speed 1 ml of the 
supernatant is transferred to a dry test tube marked at a jKimt 
indicating 0 mL Into a similar tube is placed 1 ml of dilute standard 
solution, to both tubes is now added 1 drop of phenolphthalem 
solution (3) and the solution w noutralixod with N/1 NaOH until 
a faint red color is visible The red color is removed with a microdrop 
of a \ ory diluto acetic or sulfuno acid and 0 4 ml of saturated borax 
Bohition IB added Now all tubes receive 0,8 ml of naphthoqumone 
reagent and ore placed m a dark place at room temperature for 16- 
24 hours. After this time 0 5 ml of thiosulfate solution and 0,5 ml 
of acid mixture are added to each tube the tubes ore made up to the 
mark with water and compared m the oolorimeter 
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Caleulaiion 

rcadmg of the standard X concentration of tbo standard 
reoding of tho sam^ 

— ammo acid nitrogen of the sample 

This 6gure multiplied by 1000 (since 0 1 ml of blood has been used 
for the detonmimtion) exprcascs tho ammo acid nitrogen m 100 ml 
of analysed sample 

When a sonea of analyses is to be performed, one standard must 
be nm for every two unknown samples, as the color is not stable. 

Examj)U 

reading of standard 20 mm. 

reading of sanplo IS ml 

eoncentratlon of standard 0 CD? mg N 

ammo acid mtrogon content of sample " 0 0077 

0 0077 X 1000 = 7 7 mg per cent ammo acid nitrogen 
for more rapid calculation see table 24 (appendix, p 577) 

03) for tho Hollige colorimeter The procedure is identical with 
the procedure described for tbo Pubosquo colonmctor, cnily standard 
solution ^ IB used 8mce the wedge is loi^r than the cup, a 16 nil 
volumetno flask is used to make up tho standard solution 3-5 mL 
of standard & is used and consequently 2.6 times tho amount of all 
reagents, i o 1 ml of borax solution, 2 ml of naphthoqumone reagent 
1.25 ml of thiosulfate and 1 2o ml of acid mixture are mcasursd 
out and treated as above When a aones of determinations is to be 
performed one standard must be run for every two unknown sampks 

Calculahon 

^ X 14 — mg per cent ammo acid nitrogen 

y — colorimeter reedmg 

Exanvplt 

y - 45 ^ r X 14 — 7 7 mg per cent ammo aoid nitrogen 
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Dtiermtnalton of the To(al AmtnoAads (Polypeptidu (md Free A.Tmno 
aade)*** 

Pnncipie of the method Tho polypcptidea are hydrolyrod to free 
ammo acids by refluxing mth dilute sulfunc acid for sevTiral hours 
and tho freo ammo acids are detonmned as desenbed abo^e Tho 
difference between total ammo acid nitrogen and free ammo acid 
nitrogen represents the polj’peptido nitrogen 

Reagents 

(1) concentrated HjS04 

(2) 10 per cent anhydrous sodium carbonate solution 

All other reagents as deaenbed for the determination of free nmmo- 
aods. 

Procedure 

Three milliliters of trichloracetic acid filtrate (diluticin 1 10) and 
05 ml of concentrated HjSO* are refluxed for 7 hours Flask and 
condenser should be connected b> a ground glass jomt (see fig 35a) 
After that time the filtrate ts ceutralued with sodium carbonate (2) 
iiamg phenolphtbalem as mdiestor and air is sucked through the 
solution during 25 mmutes with a water pump to eliminate volatile 
alkaline material (fig 35b) To speed up this process tho flasks are 
placed mto a water bath of 60® C Now tho contents are a gain aci 
dified with dilute sulfunc qckI (to expel COj) and after the flasks 
haio been placed into the water bath of 60® C air is sucked throu^ 
for 10 more mmutes The flarivs ore cooled to room temperature 
the contents are ncutroluod with sodium carbonate and transferred 
quantltati^clJ mto test tubes, marked at 12 ml As described abewo 
2 ml of this solution (representing 005 ml of scrum) ore anal>'ied 
for ammo acid mtrogon 

CalcvIaUon (a) for tho Dubosquo colonmotcr 
reading of standard X concentration of standard X 2000 
reading o simple 

— amount of total amino acid nitrogen m blood m mg per cent 

MilnJj aeeorduiR to E IJccbcrsodE HermaoD Munich mod Wehn'chr 
7i 10C0iDd2lTSl«3 
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Total ammo acid mtrogen minus free ammo acid mtrogen equals 
amount of polj’peptidomtrogcn 
For rapid calculation see table 24, p 377 



Fio S6 Appantua for the tlolermination of pob'peptidnllrofOQ 

tion flaak with reflaT-coodeneer b Eqnipmant forffacUoa 


%. Dli»- 


Exampte 

Total ammo acids 

reaiijog of etandaxd 20 nun 

reading of Kample 24 mm 

coneeotratlon of ttandsnl 0 

Tbe result must be multiplied bj 2, because 0 05 ml of serum hai'e 
been used for the onalj’sis 

20 X 0 007 X 1000 X 2 70 

24 “ G 

- 1 1 7mg. per cent total omino mud nitrogen. 
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(2) m eclampsia — durmg stages of kidney damage — ammo acid 
values of between 0 and 12 mg per cent have been found 

(3) m mj^eloid leukemia 

In most cases of nephntiB with increased nonprotem mtrogen 
the amino acid level is unchanged, but sometimes a nse m combined 
ammo acids maj be encountered under these conditions 

Urio Acid 

Colonmelne jSe7mmicrt>-d«tfnmmiti(>n 

Scmi microdetenmnation m whole blood, sarum and plasma 
accordmg to Fohn** 

NH-^CO 



PriTKxpU of the method The deproteimxed filtrate tf heated with 
phoephotungsUc amd in the presence of sodhirn cyanide In the 
presence of unc aad a blue ^or will appear, angmatmg from the 
reduction of the phoepho-tungstio aad to a lower valence The blue 
color » compared with the color produced imder identical con 
ditiona by a unc acid standard solution of known concentrations 

Reagenle 

(1) 10 per cent sodium tungstate solution 

(2) 2/3 N HiSOi or fl 070 Om of KHSOi dissolred in 100 ml of 
water 

(3) unc acid standard solution 

(a) stock solution In a hter volumetnc flask 1 Gm of unc 
acid (weighed on on analytic balance) and 0 0 Gm of hthium car 
bonate ore diasoKed m apprcmmately 160 ml of water (To flc 
eelerate the process the flask may be placed mto warm w ater ) When 
the salts have completely dissolved, 20 ml of formalm (40 per cent) 
and apprcramatelj 600 ml of water ore added Now 2o mb of N/1 
H*S04 is added and made up to the mark with water This solution 
should react acid towards neutral red and can be kept ind efi nitely 
when stored protected from dayhjd^t. 
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(b) working standard a) for tho Dubosquo colonmeter In a 
250 ml volumetnc flask 1 mb of stock solution is made up to the mark 
with water Five ml of this dilute standard solution contain 0 02 
rag of uric acid 

(fi) For tho Holligo colonmotcr m a 260 ml volumetric flask 
2 ml of stock solution are made up to the mark with water Five 
ml of this dilute standard solution contam 0 04 mg of uno aad 
If a few drops of chloroform are added to thcao solutions, they 
will bo stable for a short penod of time when stored m a cool and 
dark place In order to be mdependent of the stabibty of the solution 
it is recommended to proceed as follows using a calibrated 0 1 or 
0J2 ml pipot (see appendix p 302), 0 02 ml of unc acid stock solution 
(3a) is transferred to tho bottom of a dry test tube (a) when the 
Duboequo ceJonmeter is used, and 0 04 ml of that solution when 
tho Helhgo colonmeter is available 05) 4 08 ml of water Is added 
to tube (a) or 4^ ml to tube (fi) This is easily done if a 6 ml 
prpet is marked at the corresponduig volumes 

(4) sodium cyanide In a 200 ml vohimetrio flask 5^ Om of 
sodium cyanide are dissolved m wat4ir with stimng and made up to 
the mark, 0 0 Gul of colemm oxsdo is added and after 4*^ mmutes 
shaking the solution is Altered Before use, 0 parts of this solution 
ore mixed with 1 part of 10 per cent NaiHP 04 solution and filtiaed 
(6) unc acid reagent 

(a) m a 600 ml \olumetno flask 100 Gm of sodium tungstate 
are completely dissolved ra 200 ml of water with outside cooling 
and stimng 20 ml of 85 per cent phoephono acid is added Then a 
slow stream of hydrogen sulfide is blown through the mixture for 
20 mmutes At the end of the 3rd or 4th mmute another 10 ml of 
85 per cent phosphoric odd are added Now the solution is filtered 
througji cotton the first 40 ml bomg refiltered throu^ the eame 
filter The filtrate is transferred to a 1 hter separatory funnel 
300 ml of pure ethanol is added and the mixture is shaken for Be\xral 
minutes. After the layers have separated, the upper layer is dis- 
carded and the lower layer is tranaferred to a tared 600 ml florenco 
flask and made up to 300 Gm with water Now the flaak ia heated 
over a flame to remo\ e the hydrogen sulfide Twenty ml of con 
centrated phosphoric acid ore added and the solution is refluxed for 
1 hour several drops of bromme are added and the excees bromine 
is removed by heating 
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A molybdnte-freo sodium tungstate may also be prepared m sobd 
form as follows 

A solution of 250 Gm of sodium tungstate m 600 ml of water 
IS treated with 6 N HCl i\ntil neutral to litmus paper The eohition 
IS saturated with hydrogen suliido and allowed to stand for twenty 
four hours. It is then treated with 400 ml of absolute alcohol, added 
gradually ^vlth constant shaking The mixture, after standing for a 
further 24 hours, is filtered, and the precipitate is washed with 60 
per cent alcohol and dissolved m 376 ml of water Five-tenths ml 
of bromine is oddod and the mixture boiled gcntlj until the eicefis 
brommo is expelled Sodium hydroxide solution (40 Gm per 100 
ml ) IS now added to the hot solution until the latter is alkaline to 
phenolphthalem The cooled solution filtered if necessary, is treated 
with 200 ml of absolute alcohol and allowed to stand for twenty-four 
hours The white crystals are filtered off and dned m a desiccator 
If pure molybdoto-free sodium tungstate c p • is available, the 
reagent may simply be prepared as follows a 100 Gm pure sodium 
tungstate b dissolved in 760 ml of water and \nth outside cooling 
and shaking 50 oil of 85 per cent phoephono acid is added gradually 
The solution is heated for ono hour, the ca-aporating water bemg 
replaced during that time Then ee\ cml drops of bromine ore added 
and the solution is agam heated to destroy the excess bromine. 

(b) to 12 Gm of lithium carbonato m a 600 ml beaker 26 ml of 
concentrated phoephono aad and 160 ml of water is added Iho 
hthium phoophnto solution is heoted to ^emo^'c the libemted CX)j 
which would mterfere with the analysis Care must be taken not to 
leave any particles of lithium carbonate adhering to the sides of 
the beaker 

After cooling sdutiana (a) and (b) ore pooled and made up to 1 
liter with water This solution will keep for a long penod of timo 
when stored m a dark bottle and m n cool ploce 

The reagent must bo tested by a simple titration The rna xi m um 
color mtensitj is reached when 1 ml of reo'* a up lA ml of 

N/1 NaOH (a\oid Na,CO,) with phene mdicator U 

the reagent is too acid, NaOH must bo a _ to the cau- 

culntions if it is too alkaline HiPOi » a 

Reagents 3, 4 and 6 must ^ m t ice 

• Test for molybdenum t 'I , ® 
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ProcftJure 

(1) Deproteinumg (Folm Wu) 

In a 100 mL volmnetno flaak one part (2-3 ml ) of oialated blood 
plasma or senun is diluted \nth 7 parts of distOled water and 1 part 
of 10 per cent sodium tungstate sdution » added One part of 1 N 
H1SO4* IS now added with shaking from a burette or pipet, the mixture 
IS shaken until a metoUic sound can be beard and after 1^-3 mmutea 
It IS filtered through a folded filter (Js/12 HjSO* may also be used, 
see nonprotein nitrogen determination p 140) 

(2) E$iimation 

(a) with the Dubosque colorimeter Fhe ml of protem free 
filtrate correspondmg to OJi ml of undiluted starting material are 
placed mto a test tube A snnilar tube is filled with 6 mL of dilute 
unc acid standard solution (3b a) Pire mL of cyanide-phosphate 
stdution (using a special pipet fig 36) and 1 ml of unc aad reagent 
are added to each of both tabes The contents are well mixed and 
allowed to stand at room temperatoie for four mmutea. Then the 
tubes are pbced mto a boilmg nater bath for two mmutea The 
tubes are cooled rapidly with running water and the colors are com 
pared m the Dubosque colorimeter 

Caladaiton 

readmg of standard X canc entratioD of standard X 200 
readmg of sample 

— unc acid content m mg per cent 


Exomple 

20 mnu 
IK mm. 

0 00 mf 


reading of tiandard 
reading of lample 
conrentr of alandard 


20 X 0 02 X 2X 100 
16 


— 5J3 mg per cent uno acuL 


03) with the Hellige eolonmeter Pive mfllflitera of protem-free 
filtrate are placed into a test tube A second test tube (diameter 
appnramatelj 22 mrp ) is filled with 10 ml of dilute unc aad stand 
aid solution (3b fi) The rest of the procedure h identical with the 
Instead of ) N HiSO« aaolatlonof 0.076 Qm. per eent KHSO« may be a* 0 (L 
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proccduro described for the Dubosquo cdorimotcr, only tho standard 
tube is filled with double tho amount of all reagents. 



Fia 38 Gift pipot Tho bead In tho nido part of the pipet prorenti 

lofflng of the liquid 


Calcidahon 


(100 - y) X 8 
100 


' mg per cent uric acid 

y colorunetcr reading 


Example 

(100 - 34) X 8 
^ 100 


-0 00 X 8 = 828 mg. pe'' 
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This valae multiplied by 0.333 represents the unc aad mtrogen 
m mg per cent 

Mtero-mfthod tn Konhem^]fzed BioctP* 

RngtrUs 

(1) sodium tungstate In a 600 ml vdumetnc flaaL 10 Gm of 
sodium sulfate is dissolved m n^ter Twelve milliliters of 10 per 
cent sodium tungstate stJutton ts added and all u made up to the 
maii. with water 

(2) 12 ml of } Is H*S 04 is made up to 100 ml with water 

(3) one acid standard solution (a) for the Dubosque colorimeter 
1 ml of concentrated stock solution (see semmneromethod) is made 
up with water to 500 ml Four ml of this dilute solution contain 
0X103 mg of unc acid Instead of this solution the dilute s t anda r d 
solution (3b, a) of tho som-m cTT)'n'*thod nia\ be employed, but it 
must be diluted 1 1 with water before use 

(fi) for the Eeliige colorimeter 2 m) of stock solution (see eein> 
nuaximethod) IS diluted to 600 mk with water Four ml of this dilute 
solution contam 0 016 mg of unc aad Instead of this solution 
the dHute standard solution (3b, of tbe seim-micrometbod may 
be employed but it must be diluted 1 1 with water before use 

If a few drops of chloroform are added to these solutions they will 
keep for some tune when stored in a cool and dark place 

(4) and (6) sodium cj'arudc solution and unc aad reagent arc the 
same os descnlicd for the seou imcromethod 

Procfdure 

(1) deprotcmirmg 

"With an exactly calibrated copillarj pipet 0.2 ml of blood is 
drawn from the fingertip The outside of tbo pipct is wiped off 
carefuUv and the blood ts deliv'ered into a test tulie (shape and ore 
sec fig 37a) filled with 4 ml of sodium tungstate solution The 
pipet IS nnsed 2-3 times b\ sucking up and blcoMng out of the tung 
state sohitioo The tube ts allowed to stand at room temperature 
for at least fifteen minutes then I ml of H*S04 (2) is added drop bj 
drop and with shaking and the tube is ccntnfugcd at high speed withm 
fifteen mmutea. 
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(2) eshmaiion (a) m the Ihibosque colonmetcr 4 ml of dear 
supernatant ore carefully tranaferred to a dry test tube Four ml 
of standard solution 3a are measured mto a mmilftr tube Five mL 
of sodium cyanide-phosphate solution and 1 ml of uno acid reagent 
are added to both tubes, the tubes are allowed to stand at room tem 
peraturo for four mmutea, whereupon they are heated for two mm 
utea m a boiling water bath. They are rapidly cooled and the colors 
are compared in the Bubosque colorimeter 


Calculation 

reading of standard X 6 ^ j 

- ^ 1 ; z — mg per cent one smd 

reading of sample 

the factor 6 is obtained as follows OiJ ml of blood have been dhuted 


to 5 ml of this dUutioQ 4 ml correepondmg to 0 16 ml of blood, 
hav'e been insed for the analysis. To find the value for 100 ml , the 

, , reading of standard , n i i i ^ 100000 

quotient ■ 7 ^ — — must be muJtiphed by 

reading of sample lb 


- 6 

See also table 24, p 377 


Example 

reftdmg of itaBd*rd ^ mm. 

reftdlnc of mofAe tS mm 

concentimtion of standard 0 OOS mg 

c- 5 5 mg per cent uno acid 

(^) m the Hellige colorimeter 4 ml of BUjjernatant are carefully 
transferred mto a test tube. Into a second larger tube (diameter 
approcoraately 22 mm ) 8 ml of dilute standard solution is measured 
(3^) The rest of the procedure is identical with the procedure de- 
scribed for the Bubosque colorimeter except that the standard tube 
M filled with double the amount of all reagents 


Calculation 

(100 - y) X 10 
100 


mg per cent unc acid. 

y — colonineter reading 
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Example 

(100 - 46) X 10 , , 

y — 46, ”l00^ “56 nig per ceot uno ftrad 

Mtero-dfUnmnaium of Urtc Aetd tn Senwiy Phuma and Hemclyjed 
WTwU Blood 

ReoffmU 

(1) m. a 100 ml volumetno flaak 20 ml of 10 per cent sodium 
tungstate sohihon are made up to the mart with water 

(2) m a 100 ml vohnnetno flask 25 mL of } N H1SO4 axe made 
up to the mark with water 

For solutions (3) (4), end (6) see colonmetno semi-micro deter 
mmatioa of uno aad p 102 

Procedure 

(1) Deprotemumg Into a short test tube containing 0^ mL of 
sodium tungstate sohrtton (1) 0^ ml of whole blood serum, or 
plasma is pipetted, and the pipet a nnaed by repeated suc ki ng up 
and blowing out of the mjDcture One ml of E1SO4 is added, mned 
carefully with a rod and centrifuged 

(2) Determmation Into a large test tube are placed 1 ml of 
supernatant 1 ml of freshlj prepared sodium oyaxude-phoephate 
solution (4) and 0J2 ml of unc sod reagent (6) Bimultaneoualy 
the following reagents are placed mto another test tube 0 (M ml of 
concentrated stock solution (3), 4^ ml of water, 6 ml of sodium 
cyamde-phoephato solution (4) and 1 ml cf unc acid reagent (6) 
llie contents of both tubes are nmed and tbs tubes are allowed to 
stand at room temperature for four mmutw- Then they are nn 
mersed m a boilmg i\-ater bath for two minutoa and cooled rapidly 
with running water Tbo colors are compared m the Dubosque or 
Hellige colorimeter 

In this method 0 1 ml of sample has been diluted to 2^ mL by 
the addition of all reagents. In this concentration of one aad the 
color IS mteneo and can be read easily 

Caladalwn 

(a) for the Dubosque cdonmeter 

reading of standard X 8 . 

— — — mg per cent uno acid 

reading of unkn own sample 
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Bxam^e 

rojuUng of fftandard 
readiog of uunple 
conc«Qtr of 0 tandi.nl 


20 mm 
SO ram- 
0033 mg 


20X8 

30 


6 3 mg per cent unc acid 


(0) for the Hellige colorimeter 

(100 - y) X 8 , , 

— i a mg per cent unc acid, y 


colorimeter reading 


ExamjHc 

(100 - 36) X 8 ^ ^ , 

y — 35, i " 6.2 mg per cent unc acid 


Txinmetnc Ddemxtnaixon of Unc Acu?^ 

Pnnapie of the meihod One mol of uno acid is coadirod to alUntom 
by 2 moles of potosnum fcrntTonide m the cold 'Hie excess potas- 
sium fcmcyrmide is titrated with sodium indigo sulfonate, m this 
reaction the femeyamde oxjdjxes the blue dj*e solution to iffitm 
which IS colorless in this dilution 


Reaction equation 

C,H4N*0, + 2K,[Fo(CN),l -f 2KOH— gHtN^O, 
unc acid allantom 

+ 2K,[FeCCN),] + CO. 

NH NH 

^C-C'^ ^CtH. + 4K,[Fe(CN)< + 4KOH— 

'^co^ \o/ 

mdigo 


-2C, 


N 

l,H,^ '^C— OH + 4K.[Fe(CN).l + 2H.0 


\ / 

CO 

facitm 
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Reaffenis 

( 1 ) 10 per cent Bodiiun tungstate sohitioo 

(2) } N H 1 SO 4 or 0^6 Gm per cent of KHSO 4 

(3) potoasnijn feme cyanide solution 0^48 Gm of potassium 
feme cyanKie is dissolved m 1000 ml of water Two moles of feme 
cyanide correspond to 1 mol of unc acid consequently 


mg uno acid — 


OJOiS X 16S 
2 X 329 10 


00 


108 ■■ molecular weight of unc acid 329 19 — molecular weight of 
K femccyamdo. One ml of this solution corresponds to 0 03 mg 
of unc acid 

IIiIb solution wfll keep mdefinitely when stored m a dark bottle 
and m a cool place 

(4) cold saturated sodium carbonate solution, approxnnately 20 
per eexA. 

(5) sodium indigo sulfonate 0 22 Qm of sodium indigo sulfonate 
IS dissolved m 100 ml of a 3 per cent sodium fluonde solution and the 
mixture is made up to the mark with water m a 1000 ml volumotno 
fiask. Before uao the indigo solution is diluted 3-fold with water 


pToeedta^ 


According to Folm Wu (soe p 19o) 2-3 ml of serum are depro- 
teimiod To 6 ml of the filtrate (correeponding to 0^ ml of serum) 
18 added in a wide colorleas test tube 1 ml of sodium carbonate and 
1 ml of potaasmra feme cyanido solution After 1-3 mmutes the 
dilute blue mdigo solution » added from a microburette with exact 
Bubdivisioas, agamst a white background Tlie tube is observed m 
reflected and transmitted li^t With some practice it is possible to 
detennino tbo color change exactly with one single drop Tho tltra 
tion is over when the blue color remains stable for thirty seconda. 
For each senes of analyses the titor of the dye solution must bo deter 
mmed to eliminate errors caused by difference In lifting and by 
decomposition of the mdigo solution To this purpose 1 ml of feme 
cyanide in a \nde test tube is diluted with 6 ml rf water and 1 ml 
of eodium carbonate solution and this mixture is titrated with the 
mdigo solution until n lasting blue color is noted Diffuse dayiight 
offers the best conditions for the thratioo Ihe indigo sdution 
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should be diluted so that 1 ml of femcyanide requires apprcmroately 
3 ml of dye solution 

Example 

1 ml of feme oyaoide solatioa 
(oorrespoDding to 0 08 mg of 
uiie add requires (A) 
fiml of Folia Wu filtrate (corro 
eponduig to 0^ ml ofaenimro' 
quire (B) 

dlfferooee (correepoodutg to the 
use ofoxydiied urle add 0 70 ml of indigo ioJuUoq 

The unc acid m 0^ ml of serum is caloulated according to the fol 
lowing formula 

A 000 
A - B * \ 


2A6 ral of indigo toluUon 
2 16 ml of indigo eolation 


2^ 006 
6^ " X 


^ 07 X 006 


0 0147 mg 


Thus OA ml of analysed serum contains 0 0147 rag of unc Qcid 
Thifl figure multiplied by 200 gives 2 04 mg of unc acid in 100 ml of 
serum If this figure is multiplied by 0333, the unc acid mtrogen 
IS obtained The following general formula represents the calcula 
tion 


rag per cent uno acid 


0 06 X 100 y A - B 
M A 


M number of ml aonim used for sample 
A “ mdigo used up for titration of potassium feme cyanide 
B — mdigo used up for unc acid detemunation in the blood filtrate 
The entire determination requires only a few mmutes. 

The values found for unc aoki are somewhat higher when thh 
method is used than i\hon the Folin method is employed 
method is recommended where work with the \ery tone sodium 
cyanide should be avoided for safety reasons 
The normal uno acid content is 2^ mg per cent Unc 
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representfl the end product of endogenous and exogenous nucleoprotem 
meUboham Adenoone pho^hono ooid of muscle is also a eource 
of uno oad Upon mgeetion of a diet nch m nucleoprotema or moat 
(sweetbreads, brains) the uno aad level rises (exogenous component) 
When uno aad is to be determined, the patient should be on a nucleo- 
protein free diet (vegetable) for three days previous to the test 

A hi^ unc acid level m blood may be caused by 

(1) decreased uno aetd excretion 

(2) primary change of uno aad metabolism (gout) 

(3) mcreased endogenous nucleoprotem-decomposition 

(4) mcreaaed mtake of nucleoprotema in mdividaals with impaired 
uric add excretion or metaboham 

In acute or subacute nephntis an mcrease m uno amd (4-10 mg 
per cent) may be encountered, often even before a rise m the other 
nonprotein nitrogen fractions is noted, tha is due to diminished 
excretion through the bdo^ys. Amounts above 15 mg per cent 
are not rare In cases of gout a ono aad oantent of 6-10 mg per 
cent can bo found without a sunultaneoos mcrease m urea and crea 
tinme, This bolds true for uncompbeated oases and before and 
durmg the acute attack As nepbnUs is a common compbeation of 
chronic gout a nae in the other nanprotein nitrogen fractions may 
accompany the uno acid retention High unc aad values ore ob- 
served in leukemias especially m myeloid loukemia, caused by a nse 
in eadogeneous nucleoprotem metaboham The uric aad level is 
high m permaous RUftmia during periods of remission parallel to the 
increase of rotioulooytea- On the other hand whon the disease is 
more severe, the uno aad level is lowered The unc aad level is high 
in all cases erf obguna and onuna, m where the urethra is occluded 
by stones, m reflectory anuna, and m oU diseases which are occompa 
nied by destruction of kidney tissue, such as tuberculosis pyone- 
phrosis, hydronephrosis, cystic kidnoy etc , also m arthntis defonnnnB 
without true gout. 

An Increase m uno aad is frequently found m chrome lead poison 
ing In eclampsia a nae in uno acid occurs accompanied by a alight 
nse in the other nonprotem nitrogen fractions Finally mcreased 
unc acid values are foimd with oil forma of cardiac decompensation 
and In constipation In thc w» cases a severe chronic nephntis is fre- 
quently the cause of the hi gh unc acid level 
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Dbtehiunatiov or Creatine and Cbeattnine” 
DdermtnaUon of Preformed Creaiintne 
Pnnaple of the method An alkalme picrato solution is added to the 
protein free filtrate and the resulting orange color is compared with a 
crcatmine standard solution m a colorimeter 

Reagenie 

(1) 10 per cent sodium tungstato solution 

(2) I N IItS 04 or a solution of C 070 Gm per cent of KHSOj 

(3) picno acid reagent (a) saturated solution of pure picnc aexL 
Commorcial picnc acid must bo purified accordmg to the method of 
Benedict-® Commercial picnc acid is dried m a vocuum-dcsiccator 
at 80 C or 90” C 100 Gm of dry acid is dissolved in glacial acetic 
acid with warming and is then heated to boiLmg on a hotiilate The 
hot solution IS filtered through a preheated funnel inth folded filter 
mto a beaker The booker is covered with a watch glass and allowed 
to stand at room temperature over night If after this time the 
picnc acid lias not crj-stallifcd out it is stinrd vigoroual> or it o 
Bcodod with a few crystals of picnc acid Two hours after the begin 
nmg of crystallisation it ffl filtered off by suction throu^ hardened 
filter paper and washed with 35 ml of giociol acetic acid in small 
portions. The crystals are freed from glacial acetic acid by suction 
and dned m vacuo Yield apprcmmatoly 60 Gm of pure picnc acid- 

(b) 10 per cent sodium hydrooodo 

Immediately beforo use 25 ml of reagent (a) are mixed with 6 ml 
of reagent (b) 

(4) crcatinmo standard solution (may be used for crefltmme and 
creatme detemuiiation) 

(a) stock solution in a 100 ml vdumetno flask 0 1 Gm of pure 
creatmmo is dissolved in 10 ml of N/1 HCl and made up to the 
mark with nater 

(b) working standard solution (a) for the Dubosque colonmota 
In a 1 hter volumetno flask 0 ml of stock solution are mixed wi 

ml of N/1 nCl and made up to the mark with water One 
this solution contains 0X)O6 mg of crcatinmo a i lo 

(d) for the Holhge colorunoter In a 1 liter volomctno 
ml of stock solution is mixed with 10 ml of N/1 HCl and 
to the mark with water One mL of this solution contains 
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mg of crefttmmo Four to five drops of toluene are added to tills 
solution os preservative 


Procedure 

A test tube is filled with 5 ml of Folm Wu blood filtrate (see uric 
acid detenmnatioo p 105) In a second tube 2^ ml of creatinine 
standard solution (0) are diluted with water to 6 ml Two-tenths 
millfiiters of freshl) prepared ftllnlmw picrote solution are now added 
to both tubes. If the sample is expected to contain much creatimno, 
5 ml of standard solution are oaed TTie mftnmfil color Intensity is 
reached after 0-10 minutes and the colors are compared m the Dubos- 
que cdorunoter with the standard set at 20 or m the Helllge colon 
meter The reading should be perfemned latest fifteen min utes 
after the picnc cod reagent has been added 


CalcultUian (a) for the Dnbosquo colonmeter 
Reading of atandard X conecntratioo of standard 
reading ol unknown empfe 

" creMmine content of sample m mg 

If the above figure B multiplied by 200 (6 ml of filtrate corrosponding 
to 0,5 ml of scrum analysed) the creatlmne content of the sample 
18 obtained expressed in mg per cent. 


Example 

readlDs of ftand&rd 20 mm. 

mdlac of tampJe 26 mm 

oreatioine content of ftendiml 0 016 m( 


20 X 0 016 X 200 
25 


2 4 mg per cent creatmine 


Caleidalwn (fi) for the Helligo colonmeter 

If a ready made wedge by the HeQjgo firm is employed, the standard 
solution M superfluous otherwise twice the mdicatcd amount of 
standard solution 4b^ is used as well as twice the amount of alkaline 
picrato solutlom 

(100-y)X0 

— » mg per cent crcatlnino 


y “ colonmeter reading 
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ExampU 

„ _ .n (100 - 00) X 0 „ , 

y " 60, “• 2 4 mg per cent creatinme. 

If the above figure is multipbed by 037, the creatmine-nitrogen ts 
obtnmed Better reading la obtained uamg the pbotocleotno color 
imeter, see p 395 

Total Croalxnxne {CTtalimne and Crtaiine) 

Pnnaple of the method In the protom free blood filtmte creatme is 
transformed to creatmmo by healing with dilute HCl m the auto- 
clave (Alia pot, 3rd knob, p 302, fig 62) 

Reaction equation 
NHi 

HN— NH CO 

'^N(CH.) CBf COOH - H.O + HK— C"^ 

\(CH.) 

creatine creatinine 

Reagents 

(1) N/1 HCl, and all reagents deecnbed for creatmine deter 
minaticai 

Procerftn^ 

Two and five-tenths mflbhterB o( Fohn Wu filtrate (boo p 165) are 
measured mto a test tube marked at 12^ ml After the addition (rf 
0^ ml of N/1 HCl the tube is covered with a small crystaUmng dish 
and heated cither m the Arts pot (3rd knob fig 62) or m the auto- 
clave for 20 minutes at 130“ C After coding 23 ml of alkali^ 
picrate solution are added For the prepiaration of the etandard 
solution 6 ml. of standard a or fi, correepondmg to 0,03 mg. of creat- 
inine or 0 00 mg of creatuuno ore mixed with 0.5 ml of N/1 HC 
and 2.6 ml of picnc acid reagent- After standing for 6—10 mmu 
both tubes are filled up to the mail th water 1 
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Cakiilalwn* (a) for the Dubosque colorimeter 

readme of Btondord X 0 (O 

2— «=i mg creatmjne 

reading o sample 

The above ^^llu 0 multiplied by 400 expresses the creatmme m mg 
per cent (2^ ml of filtrate corresponding to 0^ ml of original 
sample have been used for the onolyaia) 

(fi) for the HcUige colorimeter 

(100 - y) X 24 . , . , , 

■“ m g per cent total creatinmo 

y — colonmotcr reading 

The difference betxreen total creatinine and preformed creat inin e 
gives the creatine content of the sample, 

QualiUUive Rapid Method for the DderminaUon of Creaimi w BloodP 
PnneipZs of the method The amount of creatinine m blood u eslH 
matod with tho Joffs cclor reoction 

Rmgcrde 

(1) satmatcdpicnoaadsolQtloa 

(2) 10 per cent sodium hydroxide 

Procedure 

Into a test tube containing 8 ml of saturated aqueous picnc 
acid solution 2 ml of blood are dchvored with a synngo Immediately 
after having been drawn from the \"oin- The contents are Tnurd and 
warmed till a color change from yellow red to brown red is observed 
Then it b filtered Tho filtrate, ivhlch at times maj bo cloudy, is 
cooled mth running water For each ml of filtrate 1 drop trf 10 
per cent NaOH b added fit m not necessary to maratom quantitatn c 
proportions. When analysis b careful, less blood is needed) 

Egitmahon 

If the CTtatmino content is normal a color change of tho picnc 
add from h^t yellow to dark yellow will occur In these cases tho 
creatinine content b too small to produce a dlstmct red color ^Vhen 
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the creatinmo concentration is alightl> mareased, a red tint will de- 
velop mthin five mmutea "When the amount of creatinine present m 
the sample la above 10 mg per cent (corresponding to a nonprotem 
nitrogen content of more than 100 mg per cent a deep red color 
develops ■mthm this trmo which covers up the ongmal yellow color of 
the piano add With a certom experience, the mtennediary shades 
of color between this picture and the just about noticeable red hue 
indicating a very small mcreaso m creatinine — possibly even without 
elevated nraiprotem nitrogen — can be recognised 

The normal serum content of creatinme is 1-2 mg per cent, that of 
creatine is 3-4 mg per cent A nao is usually found m cases where the 
uno acid is also mcreased Smee creatinmo is excreted more easily 
than one acid, its mcrease m blood is supposed to bo a sign of im- 
paired kidney function A high creatinine Ie\el during acute ne- 
phntifl IS by no means a very clangorous sign, whereas hi^ values ro 
chronic nephritis with uremia suggest an mifa\ orable prcgnoeia An 
mcrease m creatmme is also encountered m all cases of urinary reten 
tion, in cardiac decompensation and m mtosimal obstruction 

0ETEIaII^A■^ov OP Indigak® 

The mdican-determination m blood is usually performed according 
to the claasical method of A JoUes* ** the method is based on the 
fact that mdoxj 1-sulfunc acid is condensed with thymol, then oxidised 
with Obennayer’s reagent (femchlonde and concentrated HCl) 
The indican is concerted to a new mdoxyl derivative whose chemical 
constitution JoUes showed to be 4-0511101 2 mdohgnone 


H C,Ht 

C C 



CH* 


mdoxyl thymol 

tautom form hypotbot 

tautom form 
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H CiHt 



H H / 

CHi 


conilignone-like d 3 re 
4-cymol 2-iiidobgnon 

Jollea plwn found that mdohgnooo dyes are obtnmed when thymol is 
replaced by its denvativea or by other aromatic phenols, provided the 
hydrogen atcm m ortho-poertion to tb© OH-group a reactivo and not 
substituted by other radicals. 

Pnnaple of the method Blood or seram is deprotemued with tn 
chlorecetio aad A known amount of thymol or bronunated thymol 
18 added to the protem free filtrate (For the standard tubes Br 
thymol IS used as it has been shown that the thymol mdican com 
pound deecmpoees after a much shorter tune than the correspoctding 
Br thymol compound. Routine detenmnatioos may be earned out 
nsmg thymol as JoUes has demonstrated, that the eonatmt> of the 
reaction and the quality of the color are the same as when Br thymol 
18 used) When mdican m present a purple dye develops with Ober 
mayer s reagent. At tbo same time trichloracetic amd and the alcohol 
of the (Br) thymol m the presence of concenlrsted HCl form a com 
pound which appears as ofly drops m the reaction mixture and which 
absorbs quantitatively any dye formed (the isolation of the dye by 
extraction with chlorofonn is avoided In this manner) The oil drops 
win also appear in the nbeence of thjTnoI, i.e thej are fonned bj 
tnchloracctic aad-cthjl ester Tbo reaction tunes being equal 
the sue of the oil drop is direcly proportional to the concentration of 
tnchloracctic and alcohol ond HCl The speed of the ester forma 
lion is most rapid in the first twol\e hours after that time it a ver> 
bmaD, but the reaction terminates only after approiimatel} two weeks. 
The oil drop should ha\ o a siio of 0 0 1 ml 

In order to obtain unifonnly sired drops when new reagents are 
used — which m absolutcl> oeeessaij for accurate results — the amount 
of thymol added is changed The droplet sire is determined m a 
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test tube with ground ^ top (fig 37c) The bottom of the tub 
15 draB-n out to a capillary, which is graduated in 0 01 ml over £ 
range of 0 1 ml 

Reagents 

(1) 40 per cent tnchloracotic acid (etnctly) For the preparaUoo 
of this solution Merck’s crj'Btalliiod tnchloracebo acid b used, ami 
it la taken directly from a newly opened fin«t 



a b c 
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(2) (a) Thymol bromide A »olution of 2^ ml of bromino m 25 
ml of ether la added drop by drop and with cooling to a solution of 
6 Gm of thymol m 2o ml of ether The reaction product is freed 
from HBr by shaking with water in a separatory funnel, the ether 
layer is separated and dned with anhydrous NaiSO^ over 
After filtration the ether is evaporated at low tomperatoro (vocunm 
may also be used) The oily residue (thymol bromide) is dissdvcd in 
100 ml of 05 per cent ethanol to which 1 ml of fomno ocid has been 
added (specific gravity 1^) According to Flancher,*^ an excess of 
bromme is uaxl in this method to assure complete conversion of 
thymol to thymol broraido A small amount of dibromide is formed 
together With the monobromidc In this way of preparation the 
second bromine atom inll occupy the ortho-poeition to the OH group, 
since thymol bromide which him been prepared under identical con- 
ditions, but Both twice the amount of bromme cannot bo conden 
sated with mdican Formic acid is added to combine with free 
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and foUcm'ed by 3 ml of Obennaycr solution (3) The contents are 
agam mixed and the tubes are corked After approximately tweire 
hours they are sealed and left for tvro ^7eekB m a cool dark place. 
After that time they are again mixed irell and centrifuged The 
senes is now readj for the estimation, and may be kept for some tune 
when stored m a cool and daric place 

In order to prepare teat tubes produoing droplets of the same sue, 
the amount of thymol brommo must be mcreased m the following 
way 8 number of tubes (fig 37c) are filled with 3 ml of tnchlorscebc 
acid each 0 10 ml , 0 17 ml or 0 18 ml of thymol bromme respec- 
tively, and 3 ml of Obormayer reagent (3) The tubes are left stand 
mg for four hours at room temperature then centrifuged at hi^ speed 
and the quantity of thymol bromide solution is noted which produces 
an oil droplet of 0 04 ml Now an mdican-eenes as shown in the 
pattern above is prepared, the titrated amount of thymol bromide 
iB added and the tubes arc allowed to stand for four hours After 
centrifugation the bquid above the oil droplets is removed bj suction 
and a layer of 0 ml of HCI feme chlondo reagent diluted twice with 
water is added 

Procedure 

QxianiiUitive ddermAnatxon of vndtcan vnih thf ie$l tube Two-tenthfl 
of a millfhter (0J2) of whole blood or scrum m 2.8 ml of distilled 
water is deproteimxed with 1 ml of tnchloracetic acid (1) and fU 
tered through a 'Whatman filter (Nr 42) To 3 ml of filtrate m 
a tube as shown in fig 37a the titrated amount of thymol (thymol 
bromide) is added and 3 ml of feme chlonde-HCl (3) weh mreed 
and left four or twelve hours m a dark place After that tune tbs 
tube IS centrifuged and compared with the tubes of the dUution senes. 

The amount of thymol (thymol bromide) required is deteimmed 
according to the reaction time (four or twelve hours) and has to be 
titrated once with a blood sample, which has been treated fls *■ 
scribed above The amount of thymol (thymol bromide) needed to 
produce a droplet of 0 04 ml vanes between 0 10 and 0 19 ml for * 
reaction time of four houre, and between Oil and 0 14 ml for ft reo'^ 
tion tune of tweUe hours The titration must be repeated for eftcn 
new lot of reagents 

A Walp ole-comparator may be used for the estimation mth open 
ings corresponding to the lower part of the test tubes. 



DETtr.MlN MION OF VONTFOTEIN NTTROCFN 21 ”^ 

If more wnim t5 nvail5blo and it is do^aabk* to work with a drv^Vt 
mo of OiN mU the lubo< are adja tod to that sjro anil the amwmt of 
thvtnol IS mcreasod areordmple The procedure r< kfentieal rnth the 
procedure docribed above cawpl that 0 4 ml of eerum r* dilutcvi 
with ml of water 


A 



Flo Tr«t tabe«ith invrt fer tbeeel TUWtnr di'tpmunati nofimltesn 
in blood 

Drtrrminaiian of Indifon i« Ihr //r//ipc C«>/i>nmrf(T 
Reapentu and pmredure an identieal 'Rith thi aho\i de>enlinl 
melhoil onh the te-t ttilie** ha\T to lie mi'lifiol k» that thp\ trill hi 
the Hollipe-ueilce To thi end the lul»e» are filteil Krn tn lipire 
It i mUtNthle to nnnvw the dot of the eiJonmeter w) tlml the 
wlUm Hctd-Miliition in t!te tuU i ihm ible \ nuvtun of rmueoti 
Hiliition^of hthtummrmine(( mel*V r) nnil meth\lme him (Hu>eli t) 
to whirh n Irare of Nnf hn'< been adileil r* U'oil for the ►tamlanl It 
I diflinjll to irnlfrate exact ihreetion- for the prepamliim of a hlnml 
an! Mention lKrau*>c the rommerrialK ax'nlUhle dve holulion* nrr 
not uniform If the correct d\T mixture ha-* onn Iteen e^tnhh heil 
tire ^tnn(la^hl3tK^n of the wedpe i< rametl out with the anl of te~t 
tul>f^ (fifUire 3^) anrl an imiiran dilution •^‘ne^ it' de^nlml im p 
211 ^\^len plottcil praphicalh the XTilue' mu t fall on n stmiRlit 
line 

Normal \*alue^ 0 02tl 0 0^ |trr rent Tlie nature of tire dirt 
I not npnfimnt \ pli\ lolopc h^^HT 1 nd^canem^n I-* firtjtxl dtiniiK 
pretmancx (01 >-0^1 mp percent) 

Patholotnc llx'penmlicnncmia' 

(1) intotmal (h*eaM^ e'pertalK in ra*s^ of intestinal ocelu'lon 
eon tipation (n«e up to O^i mg per rent) 
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(2) kidney insufficiency all degrees of hyponndicimomia are cn 
countered, values above 0JJ2 mg per cent are important for differtn 
tiol diagnosis. In uremic coma values up to 2 7 mg per cent have 
been noted 

(3) eclampsia m the bcgmnmg of the disease a rapid rise up to 
0 0 mg per cent, fast declmo mth the disappearance of the acute 
symptoms, 

(4) nephritis of pregnancy values of 0 7-0.8 mg per cent are 
found oven before the disease enters the senous stage. A further nse 
is noted with mcrcasod seventy of tho disease In contrast to eclamp- 
sia a high mdican level wnll persist for many weeks after dehvery, 
oven at times when tho urea level has returned to normal 

Xanthoprotein Reactiov 

Pnnctpfe of the method Tho aromatic compounds are nitrated with 
mtno acid and the resulting nitrocompounds form a yellow brown 
solution m NaOH, 

IleageTiU 

(1) 20 per cent trichloracetic aad 

(2) concentrated HNOj (specific gravity 1 4) 

(3) pure NaOH, 33 per cent 

Procedure 

Serum fa mixed with equal aunounta of 20 per cent tnchloracotic 
acid, and filtered To tho clear protem free filtrate one-fourth of its 
volume of concentrated IINOj is added and heated to slow boiling 
for i mrauto After cooling approximately J of tho volume of 
NaOH (3) la added In. normal cases a yellow color appears, in 
pathologic cases a yellow brown to brown color is viable, which can 
easily be recognised with some practice especioDy when frequent 
normal dotenmnationa are earned out 

In kidney insufficiency high mdican values and high xanthoprotein 
levels will tend to run parallel Both mdicate on mcrcaso of mtes- 
tinal putrefaction products m serum and are based upon aromatic 
domativcs of tjToemo and tryptophane In normal persons the 
serum level of these products is very low It Is mcroased m cases 
of kidney insufficiency and uremia, and these analytical results m 
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conuoctioD with urcn dctermittotion and nonprotcin nitroscn-detcr 
minxitioo arc frequently used for dilTcrtaituil dtagnoais 
kiditC) diseases) 


UVDETETmlN'ED NimCKJEUN 

The total amount of ‘undetonmned mtrosen whicli amounts 
to &-10 mp per cent under phjsiologic conditions u found ns the 
difTcrcnco between the \Tilue for nonprotcin nitrogen and the sum of 
all knenv-n otlier fraction*!. The ‘undetennmed nitrogen’ w found 
malnli in tlic corpuscular elements and consists probablj of hippunc 
acid nucleotides and hfatoacs Tlio undetermined nitrogen is 
increased m some eases of eclampsia, in adianccd chronic ncphntis 
^ith nitrogen retention (uremia) It has not been pro\*cd tlrnt the 
incroaso of anj substanco present m the “undetermmed nitrogen 
fraction 13 responsible for the toxic i^-mptoras of eclampsia or uremia 
Lxamplo for tho calculation of ‘ undetennmed nitrogen 


Dooprotda nitregea 
area D(tn>eco 
cun I aoad U 1 1 rogaa 
polypepUd ailrasco 

total creatloJoO'altrogso (A 8 mg per ecat 
ercaUoifle) 

Uric odd aitrogen (t J mg per cent oHc 
ictd) 

indJesn oUrogca 


81 mg per cent 
14 mg per cent 
C mg per cent 
3 mg per ecat 

1,8 mg per cent 

U mg per eest 
0 


I rog per cent 

Tlie dilTercncc bclfloen 31 mg per cent and 20 1 mg per cent — 
mg per cent indicates the undctcrminotl nitrogen of the analvzed 
sample 

DiTnmiis KTioN OF TUI Doubli (Diftfriatisl) NimoacN*® 

If whole l)loo<l or serum is deprutemixcd with phoqiho-molybdic 
ncttl (pho'photunp'tic acul) and the same tamplc with Inchloracelic 
acid tlic nonprotrin nitrogen values olitnined b> tlic trichloracetic 
achl method will lie higlier tfian tho-e ol)tame I with >pho- 

mol%l>dic acHl 

^ho^phomol)bdlc nod precipitates nati\c proteins i 'sand 
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peptones. Tnohloraoetio ooid procipitatoe native protom and 
albumoses, but not the poptonea Metophosphonc acdd procipitates 
only the native proteins, no albumoeee or peptones ** (If metaphos- 
phono acid is used the digestion must first be performed over an as- 
bestos plate, and only after the foaming has ooasod may the digesbon 
be earned out over a wire raosh betireen flask and flame The pre- 
cipitate IS filtered throuj^ hardened filter paper) 

Procedure 

(1) detemunation of nonprotein nitrogen, using pho^homoiybdlo 
add, see p 144. 

(2) determination of nonprotein mtrogen using tnchloracetlo 
acid Procedure as described for (1), only instead of 2 ml of phos- 
phomolybdio acid 2 ml of 20 per cent tnchloraoetic acid Is used for 
deproteinismg 

NorraalI> the difforenco amounts to 0-3 mg per cent. Hio dif 
forcncc is larger under paUioIogic conditions (nephritis, uremia) 
It has not yet lieon oacertamed to which compounds tho difference 
18 duo 
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Cliapter YT 

Proteins and Protem-Fraclions 

The ziitrc^n compounds m blood exot as prot<3in5 and compounds 
of non protein structuro The proteins m plasma are divided mto 
albumins and globulins (cuglobulm, pseudoglobulm, fibrinogen) 
Dunng the process of clotting the fibrinogen js converted mto fibnn, 
which forms the pulp of the blood clot 

TiTnnrDTRic DETEnmNAirov of Total Prottins dt Sehpu 
on PLASiiA ‘ (IOeldahl MmnoD) 

Principle of the method Serum or plasma la digested with concen* 
trated HjSOj m a micro-Kjeldahl flask and the nitrogen is determined 
titnrootncally m the residue. 

Ucagtrde 

(Seo nonprotem nitrogen p 144 ) 

Procedure 

Two hundredths of a rafUniter of eorura or plasms is drawn m a 
long capillary plpot (Sahli pipet), the tip is wiped carefuDy and the 
contents oro debiered into a micro-lvjoldahl flask. The pipet is 
rinsed by running some distilled water through from the upper end 
After the addition of 2 ml of phosphomol>bdic sulfunc acid and 2 
glass bonds the sample is digested- In order to prevent foaming 
of the morturo, the digestion has to be started \ eiy gradually beating 
the flask inth a small flame and using an asbestos pad With each 
senes of dotonmnations 2-3 blank determinations must be nm 
remamder of the procedure is comod out as dosenbed for non pro* 
tain mtrogon (p 144) 

Calculclton 

One ml of N/lOO thiosulfate corresponds to 0 0457 mg of nitrogen. 

Thiosulfate used up by the blank mmus thiosulfate used up by the 
pim ple multipbcd by 233i> results m niLiogcn content of 100 mb 
21S 
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of scram or plasma used for the onal^’us. The factor 233^ is col 
ciliated as folIowB 


00107 Cm^K) 
0^ {ml eciui^) 


X 100 


233^ 


Total mtrojcn content minus nonprotcin nitrogen equals protein" 
nitrogcm The protem content of tho sample is obtamed by multi- 
pUcntioD mtb (seo tables 10 and 11) 


Example 

tlilonilfato Qtod ap by b1aaV~ 0 SO ml 

Udosulfato a*cd up bj timpto 4 70 ml 

dltTcroace 5 10 ml 

5 10 X 233^ - 1190 8 mg per cent mtrogcai Tho value obtained 
for nonprolcm nitrogen (p 149) 20 0 mg per cent a deducted from 
tho aboro figure resulting m the protein-nitrogcn value of lOOt^ 
mg per cent In order to Bad the protem content of the sample 
thU figure a multlpUcd by G2j C040 mg per cent or 0 04 grams 
per cent protein In the sample 

Total protein determination mth tho copper-sulfate method (seo 
P 9) 

In nonnal humans the scram (plasma) protein values vary between 
0 and 8 mg per cent Hj-pcrprotcmcmia a found m-* 

(q) Insufficient fluid intake. 

(b) fluid loss like mtcstinal obstruction and fistula diarrhea vomit- 
ing scixre diabetic aodosa intent? beat Cicition Addisons tltKPtutp, 
shocks bums» fulminant infections. 

(c) diseases m\ol\mg tho reticulo-cndothehal system (high glob- 
ulm) multiple myeloma monocj'tic leukemia Iner curhegm, P3inf«f*r 

(d) chronic infections ulecnitii-o tuberculosa sypliilH, l>*mpho- 
pathia venerum, subacute bacterial endocarditis, penartenta nodosa, 
lupus crjlhematosus rheumatoKi orthnta Bocck s sarctnd Icprosj, 
kala oxar schistosomiasis filanasa trjTjanosomiasa. 

From Ibo United Stale* Nary Ttetcarch Unit oT tto nocLcfdlcr Imtitute 
for Modjcnl Itaeareh. 
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Low proletn valuoa are fcntnd in 

(a) acute homorrhago or chrome Treoping wotindfl or akin leaoro 
(bums), alburamuria, shock (surgical or traumatic) 

(b) molnutntion low protein diet, vitamin dcficicncicfl (ben ben, 
pellagra, etc ), mcomplcto absorption, sprue, cancer of stomach or 
pancreas, pcrmcious anemia, diabetes raolbtus unregulated, hyper 
thyroidisni, ta’cemia of pregnancy, especially m eclampsia. 

(c) conditions m nhich albumin synthcsiB is retarded because d 
hi'er damage (low olbumm) cirrhosis and cancer of hvor, chronic 
poisoning 

Titeihetiuc Ddterkination op PinniNoonN* (Accordino to 
■ mB IOeldabl Metdod) 

Pnnaple of the meihod The fibnnogen present m citrated plasma 
IS precipitated with calcium clilonde, digested with UjSOi (phospho- 
molybdic acid as catalyst) and the nitrogen m the isolated fibnn a 
determined ob described above. 

Itooffenli 

(1) stcrilo 3.8 per cent sodnim citrate solution, tribaac 

(2) O.So per cont sodium chlonde solution 

(3) 1 per cent CaCb solution 

Procedure 

With a capiUarj pipot 0 1 or 0J2 ml of atrated plasma (1 part d 
sodium citrate and 0 parts of blood) is tronsforrod to a test tube cod 
taming 6 ml of physiologio NaCI solution Tho tip of the pipot 
must bo carefully wiped off, and tho pipot la rmsod by ropcatod 
ing up and bloiving out of tho NaCI solution After tho addition of 
1 ml of 0 1 per cent CaCJt solution tho tubes are placed into 
cubator of for 30 mmutes to accelerate tho precipitation The 
tubes are allowed to cool to room teraporaturo and the contents 
fUtorod through glass wool* (Before use tho gloss wool must 
cleaned with cleaning solution and nnsed mth water and hot phyuo- 
logic NaCl solution) To remove tho scrum proteins tlio fibrin c o 
js washed 8-10 times with 2-3 ml of normal saline, dunng 
mg the glass wool is equeexed with a small glass spotula. ( ® 

* Coono long threodod glass wod 
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nititjgen of fibrinogen free plasma Is to be determined the filtrate 
Ib collectod m a 26 ml volumotno flask, the flask is made up to the 
mark mth NaCl Bolution and the nitrogen is determined m 4 ml of 
filtrate) The fibnn flake and the glass wool ore transferred to A 
nucro-Kieldahl flask with a pair of forceps and after the digestion 
with 2 ml of phosphomolybdic-eulfuno acid the procedure is con- 
tinued as dcflcnbed above A blank dctermmation must be earned 
out together with each sample 

CaJciiJahon 

Thiosulfate required by the blank minus thiosulfate required by 
the sample multipbed by 46 7 results m the nitrogen content ex 
pressed m mg per cent, when 0 1 ml of plasma is used If 0^ mh of 
plasma has beoi analysed, the factor is 23.36 To oD results 10 per 
cent must be added, bocouso 10 per cent atrate solution has been 
added to the blood sample fibrmogen nitrogen multipbed by 
0^ - fibrinogen-protem in mg per cent. (See tables 10 and 11) 

Example 

thlcHraltaie nsoi up by tb« UftaV 0 GD tal 

ihiorulXato osad ap by campla (0.3 lol plasms) 7 42 ml 

dUTerenca 8 32 ml 

2.36 X 23.86 64.87 mg per cent fibrinogen nitrogen in citrated 

plasma 

54.87 X 0.25 — 843 mg per cent fibrmogen protein As citrated 
plasma has been used 10 per cent must be added to this figure. 
Fibrmogen content of native undllutad plasma — 3773 mg per 
cent »» 0377 Gm per cent protom 

FIbnnogen content of normal plasma «=» 200-400 mg per cent. 

The fibrmogen is mcrcasod m cases of slight Uver damage (hepatitis) 
and m cases of acute tissue destruction, in most infectious rln wisra 
except typhoid foTor during pregnancy and menstruation after \ ray 
treatment in cases of local mfcctions (angina and cholecystitis) and 
m nephrosis. 

The fibrinogen content decreases in h\erinsufliaency as fibrmogen 
a formed in the liver oD cases of decreased bver function lead to a 
lowered fibrinogen level in plasma. Extreinel> low fibrmogen levels 
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are encountered m chlorofonn-phoaphonis- and carbon tetrachloride 
poaoDing and also m acute j’oUow atrophy of the h\er Typhoid 
fever is one of the few mfoctious diseases where the fibnnogen level 
IS lowered Low levels are also noted m acute loss of blood and in 
cachexia 

TlTBniETEIO DBTEHiUNATIO'f OP AliBUinH AHD GloBULTN’B 
(Kjeldahl Method) 

RaiffeTtU 

(1) 22^ per cent sodium sulfate solution 

(2) 18 per cent sodium sulfate solution 

(3) 14 per cent sodium sulfate solution 
For all other reagents see p 145 

Preparation o/ ihe todium tulfaU Aoluitons 
Sodmm sulfate is freed from crystal water m a drying oven at 
110®C and placed into a desiccator Tlie solutions are made up 
with distilled water and kept in an mcubator Before use the solu 
boos are removed from the incubator and cooled down to rocon tem 
perature without whaking the If care is being taken m the 

preparation of the reagents the blank ■values for all fractions are 
identical and correspond to those of the phospbomolybdic sulfunc 
acid When all reagents ore frequently checked it suffices to deter 
minft the blank value for phosphomolybdiosulfunc acid only in the 
analysis of all protem fractions. 

Procedure 

Six ml of 22.2 percent sodium sulfate solution are mixed with 0.2 ml 

of serum or citrated plasma (Final concentration of the sodium 
sulfate solution — 21.6 per cent) The pipot is nnsed by 3 times 
sucking up and blowing out of the liquid. The tubes are stopped 
and kept at 37 * for 3 hours m order to complete the aaltmg-out of the 
globulins and it is filtered at this temperature through a double 
filter (Whatman Nr 42) After cooling to room temperature 1 ml 
of the filtrate is tnmaferrod into a micro-Ivjcldahlflaak, 2 ml of phos- 
phomolvbdic-eulfunc acid is added the filtrate is digested enrefuBy 
and the procedure contmued as desenbed above The filtrate con 
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tftTTiw albumin and nonprotein nitrogen If albamin alone ia to be 
determined the nonprotom nitrogen must bo analysed in a separate 
sample 

The followmg method deaenbee a rapid sopambon of ^obnlms 
from albumm** To 0 ml of a 22 Ji per cent solution of sodium sulfate 
contained m a wide centrifuge tube, 0J2 ml of serum is added The 
capQlaiy pipet is washed bj sucking up and blowing out the mixtore 
After fue mmutes 2-3 ml of ether is added the tubes stoppered and 
vigorously shaken for fifteen seconds. The tubes are allowed to stand 
a few mmutes m the meubator at 37*C (or m a 40* water bath) and 
centrifuged A rmg of ^obulin Is formed between sodium sulfate 
and ether This ring is detached from the wtdl by holdmg the tube 
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In an obhquo position Dj introducing the pipct down to the bottom 
of the tube the dear fluid contouung albumin can bo removed (see 
fig 30) TTils fluid can bo obtained ns iicll bj filtration Caro must 
be token m this procedure, that the sodium sulfate docs not cool off 
during centrifugation, os crystallliatian i\t11 then occur and the 
NajS 04 concentration of tho sdulion will decrease Ihis can be 
avoided b> preheating the centrifuge cups with water of 40®C Cor 
bon tetrachlondo may bo used instead of ether but tho following 
precautions must bo taken After tho scrum has been added to the 
h»a-S 04 tho mnturo must bo left m the incubator for 20 minutes, 2 ml 
of CCli ore added, tho tubo is wdl shaken and again left in the m 
culiator for 20 minutes until tho lajTrs have separated After cen 
tnfugatlon tho upper laj'or Is used 
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CaJeidalton 

Thiosulfate used up by the blank minus thiosulfate used up by 
the sample multiplied by 144 77 results in the nitrogen-content d 
the filtrate in mg per cent (albumm mtrogen + nonprotem nitro- 
gen) One mh of filtrate corresponds to 0 03220 ml of seram 
One ml of N/lOO thiosulfate corresponds to 
00407 (mg N) 


0 03220 (ml serum) 
Example 

(See also tables 8 and 9 ) 


X 100 «=> 144.77 mg. m 100 mh sample. 


ilbomln mtrogDQ + oonprotoln nitrogen $10 mg per cent 
Qooprotoin oitrogon 20 mg per eent 

albonun tutrogon _811 mg per cent 

811 X OJiS — 5038 7 rag. per cent or 5 07 g. per cent albumin protein. 

Total nitrogen 1190 8 mg portent 

albumin oltrogon 4- non protein 
nitrogen 840 0 mg per cent 

globolm mtrogen 560 8 mg per eent 

350 8 X 0^ - 2192 mg per cent or 2 19 g per cent gioimlm 
protem. 

If plasma is used for tlie analysis Iho fibrinogen ^\t 11 precipitate to- 
gether with the globulin, and thm value has to be deducted from the 
total protem when citrated plasma is used each figure has to be m 
creased b> 10 per cent (Dilution factor ) 

Dcteriiinatiox or Euolobitlin (Kjeldahl Mcthod) 

Two tenths of a milliliter of sorum or plasma is added to 6 ml 
14 per cent Na ^04 solution (a concentration of 13 5 per cent 
The sample is placed mto an meubator (37“C) for three hours 
treated as desenbed above 


Calculaiion 

Thioeulfato used up for the blank minus thiosulfate used up f|^ 
the sample multiplied by 144 77 equals nitrogen content of the 



PH0TEIK8 AND PnOTCIN FIUCTIOVB 


227 


trate In mg per cent Total nitrogen less nitrogen of this filtnito 
equals euglobulin mtrogen (see tables 10 and 11) 

DETErunNATION OF PSEUIKKILODaLINB I AKD 11 (lUELDAHL MeTTIOD) 
Two tenths of a milliliter of serum or plasma Is added to 0 ml of 
18 per cent NqiS 04 solution (NaiSO< concentration of 17 4 per cent 
resulting) The tubes are placed into an incubator of 37“C for 3 
hours and tho filtrate is treated as described above The differcnco 
between thiosulfate required by tho blank and thiosulfate required 
by the sample multiplied bj 144 77 gives the nitrogen content of this 
filtrate in mg per cent (see tables 10 and II) 

Psoudc^lobulin I Ls calculated as lha difference between tho mtro< 
gcn-cootcnt of tho 13^ per cent filtrate and that of tho 17 4 per cent 
filtrate Psoudoglobulm II is calculated from tho mtrogcn-dlfrer 
encfi between the 17 4 per cent filtrate and the 21^ per cent filtrate 

Direct TiTflnrEmic Mctttod for nn: DETEimiAATios or Albujon 
IN ScRim AND Plaaua* (AoDuicnuo Memoo) 

PnnnpU of the meihed After removal of the globulins bv means of 
sodium sulfate the protein solution (containing albumin only) b pro- 
dpitatod with a standardiicd phoq>homolybdic odd solution Tho 
excess of phosphomob bdic acid, ha\dng formed a complex compound 
with sodium oxalate Is titrated with sodium hydroiido, phenol 
phthaloln being used as indicator If NaOH and phcnolphthalom 
0 (il> ore us«l for the titration with phosphomobbdic acid the change 
of color ts not distinct Hie pink color disappears due to tho buffer 
effect of the phoRphonc ncid contained by the pho9phomol>bdio acid, 
which forms mono- di and trl-sodium compounds. A persisting color 
can bo olitajncd cral> bj an excess of NaOII which is Incompatiblo 
with quantitati\o exact titration This difficulty can not bo o\cr 
come bj tlie use of another Indicator If howcMJr a suffiaent amount 
of a sodium oxalnto solution a added it forms sodium phosphates 
and tlio freed oxalic acid compound fa casili titrated, gi\ mg a sharp 
cliango and a pcrsBling color 

Rcagaitt 

(1) 22.2 per cent NajSOi aqueous solution 

(2) approximately 1 per cent pho8phomol>bdlc ocnl aqueous sola 
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tion ml of thia solution should correspond to about 6 mL of t 
N/25 NaOH 

(3) 0 6 per cent olcohobo phenolphthulem solution 

(•1) appronmately 1 per cent aqueous sodium oralate solution 

(5) N/25 sodium hydraxidol This solution must be kept on ice 
and should be freshly prepared about every \veek from a N/1 NaOH 
solution 

(0) ether eul/ pure 
Proctdiirc 

Two tenths of a milHUter of senim or plasma are placed with a 
capUlarj pipot into a wide centnfugc tube contammg 6 ml of a 222 
per cent solution of sodium sulfate (1) The solution is sucked up 
into the pipet and blonn out to remove serum or plasma adbenng 
to the inner wall of the pipet This is repeated eev eral tiroes. After 
5 minutes, 2-3 ml of ether* (0) are added, the tube is stoppered and 
shaken vigorously for fifteen acconds It is allowed to stand for some 
mmutes in the meubator (or m a -lO*' water bath) and centnfuged- 

Tho globulin nng, w hich forms, is detached from the wall by holding 
the tube m on oblique poaotion (fig 38) By introducing the pipet 
demm to the bottom of the tube the clear filtrate can be taken out 
Three miUihtens of phosphomolybdic acad (2) are placed into a drv 
wide test tube (Hagedora-Jensen) "UTule gentl) a hnknn g the tube 
3 1 ml (with a pipet marked at 3 0 and 3 1 ml ) of the clear filtrate 
(corresponding to 0 1 ml of senun or plasma) are added drop by 
drop Tho mixture is poured mto a conical centrifuge tube and 
centrifuged for three minutes Exactlj 5 ml of supernatant aro 
measured mto o wide tube or flask and 2 ml of a 1 per cent sohitfon 
of sodium oxalate (4) are added The tubes are immerBcd for 
minutes m a boiling water both WhQt hot, the solution is titrated 
with N/25 NaOH (6) and phcnolphthalem (3) as mdicator imiD o 
pemstmg faint pink tmt is obtamed As a blank 3 ml of phospbo- 
molybdic acid are mixed with 3 1 ml of 222 per cent sodium sulfate 
Five millihter of thiH solution are used for the titration as above. 

It IS advisable to work with 2 controls and 3 blanks All test tu 

used must bo washed with distilled water and care should be 
that they are absolutely drj 
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Calculaiwn 

>s umber of nullflitora of N/25 NaOH required for the titrabon of 
the anafjBffl subtracted from those required for the blank and multi- 
plied by the factor gives grama per cent albomm, (blank eatunation) 
X factor — Gm per cent albumin. 

The factor la calculated by comparing a series of estimationa ac- 
cording to the phosphomolybdJo acid method mth the Kjeldahl 
method 

ExanvpU 

with phofphomolybdia add 5 10 ml NaOH 
Eatirnidon with phoaphomolybdlo 
add t IS mL NAi5 NaOH 

difference 0 63 ml N/35 NaOH 

The difference of 0 92 oorreapondB, to 4.5 Qm per cent albumin 
4.6 

according to the Kjoldahl method - 4il A factor 4 9 re- 

sults From several factors thus obtamed the final factor is calou 
la ted 

It is advisable to prepare sufficiently great quantities of pho^ho- 
molybdic acid and Naf^< solution. (1-3 hters) because the factor 
remains constant only as long as the solutions are not changed The 
devTatioos of the factor ore not very great (to appronmately ±0.2) 
for exact i\'orking however of importance 

CouBiNATiov OP TiTBmCTBic AND CoLOBumTaio Mbthod for the 
Determtnatiox op Total Pho iu n'b Albuhtnu and 
Qlobuuns 

Principle of the mdAod Ihe total proteins ore determined according 
to the eoppersulfate or the Kjeldahl method The albumin is deter 
mined colonmetnoallj >vith the biuret reaction (Copper sulfate + 
NaOH) the same serum serving os standard 

Reoffenlt 

(1) standard scrum serum the protem content of which has been 
determined uith the copperBulfoto — or Kjeldahl method 
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(2) 2 per cent NaOH 

(3) ] per cent Coppemalfatc aolution 

(4) 8 per cent NaOH 

(fi) 22^ per cent Bodiumsulfate solution 
(0; ether eulf 

Procedia^ 

(1) Two tenths of a milliliter of serum and 2 ml of CnSOi solution 
(3) ero added to 8 ml of 2 per cent NaOH 

(2) One millihter of 8 per cent NaOH (4) and 1 mh of CuSO^ (3) 
are added to 3 1 ml (the 3 ml pipet is marked at 3 1 ml ) of Na*SO< 
filtrate* of the some scrum 

Tubes (1) and (2) are centrifuged and the supernatant of the tube 
containrag the total protema is filled mto the wedge of the colonmeter 
and the supernatant containing the albumins is filled mto the cup 
Now the colors oro compared 

Sxamplt 

Total proloim (Kjoldahl or eoppcmlfoU 
method) 6 SQm pa coi 

reaillag on ihQ HoUigs eolorimolor 35 

TTie scrum contains 35 per cent albumins. The formula gives the 
content of albumins m grams per cent 

fi q V fts 

— — a 4.09 Gnu per cent alcumm 

The ^obulins arc calculated as the difference between total proteins 
and olbumm 0.3 — 4 09 ” 2.21 Gm per cent globulin In a senes 
of detormmationa a smglo serum of known protem-content may b® 
used for the analysis of albumin but if greater accuracy is desired, 
it IS recommended to ubg as standard the same scrum in which the 
olbumm is to bo determmed 

The first mdications of a disturbanco in the protom level ®PP^ 
m a shift of the olbumm globulm ratio The normal ratio of 
vanes between 1 0 and 2.5 If the nihumm content is decreased, a 


Soe proeodare p 22S 
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compenaatory rise in globubn will occur and vice voraa An incroaBO 
in the albumin fraction la extremely rare A decreased albumin con 
tent, together Mith a nso in globulm Is a meet important clinical 
factor It will occur in nophnlb with axtcnaivo and lastmg albu 
nununa also m many disctises iihich arc accompamed with edema 
formatioo and ascites Tim normal plasma content of albumin b 
4.6-6^ per cent and of globulm 1.6-3 per cent 

TirBXMCTBlC DETEmiflKATIOV OP ToTAL PROTEIKB IN SciNAL FlUID* 
CKjeldaitl Mernoo) 

Pnnaple of the meVtod The total proteins of spinal fluid are pro- 
apitatod mth phosphomolybdio acid centrifuged and the sediment 
after bemg dissolved m dilute sodium hydrtrocle, b quantitatively 
carried over to a Kjcldahl flask. The further procedures ore those 
of nooprotcln nitrogen detonmnation (p 143) 

ReagenU 

(1) for protein precipitation 

Five grams of anhydrous sodium sulfate, 4 Gm NaOH (pellets) 
and S 0 mb of phospliomolybdio acid arc dissolved m 200 ml of dis- 
tillod water and the mixture boiled for on© half hour When the mne 
turelscool 10 0 ml of concentrated HiSO* are added and the volume 
made up to 1000 ml 

(2) for digestion 

One gram of phosphomolybdlo acid is dissolved m about 60 ml 
of water One milliliter of 27 per cent sodium hj’droxido b added 
and the mixture boiled for tiveaty minutes to dri\m off the possibly 
present ammonia whereupon 30 ml of concentrated H1SO4 and 6 ml 
of syrupy phosphoric acid are added The volume is made up with 
water to 100 ml (If no phosphono acid resistant digestion flwtw 
are available no phosphoric acid mav be added to the digestion 
mixture. A 10 per cent solution of NsjHPOi may be used instead, 
added after the digestion ) 

(3) for neutraluaticm 

(a) 27 per cent solution of chemically pure NaOH (pellots) 

(b) 15 mg of methyl red and 00 mg of thymol bhie are dissolved 
m 20 mb of N/1 NaOH and water is added up to 1000 ml 

(c) saturated solution of sodium fluonde (about 6 per cent) 

The reagent ready for use is prepared by mixing 3 parts of sohitioa 
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(a) with ono half part of eolution (b) and one and one half parta of 
solution (c) This mixture keeps indefinitely 
(4) for titration 

(a) bufter solution 84 6 Gm of l)onc acid and 16 6 Gm of 
bodium hydroxide (pellets) are dissolved m about 800 ml of water 
NHa IS removed by vigorous boiling for thirty mmutes The sedu 
tion IS cooled and its volume made up to 1000 ml (instead of this 
solution a 10 per cent solution of NajHPOi may also be ueod) 

(b) 20 Gm of sodium bromide is dissolved m a little water m 
a measurmg flask Eight Gm of brommo ( » 2 6 ml ) ore added and 
the volume made up to 1000 ml Before use 10 ml of this sohitioo 
are poured into a 50 ml volumotnc flask, diluted vvith 26 ml of buffer 
solution and made up to the mark with water 

(c) potassium iodide crystals. 

(d) fuming HCl, dflutod with an equal volume of water 

(e) 0^ per cent starch solution 

(f) N/lOO sodium thiosulfate solution 

Procedure 

One ml of centrifuged spmal fluid is placed m a small teat tube 
(6 X 60 Widal tubes ore b^) If Tandy’s reaction is positive only 
0^ ml of fluid IB used Two milliliters of phosphoroolybdift acid 
reagent are added to precipitate the protcms The tube is immersed 
m a 60*0 water bath for a few minutes, then centrifuged for about 
ten mmutes at 3000 rpm The bupernatant fluid is carefuBy de- 
canted and the Bcdimcnt dissolved in OJ — 0^ ml of 4 per cent 
sodium hydroxKlo The contents of the tube ore now transferred 
carefully with a 1 ml serological pipet mto a Ivjcldahl flask, whkh 
contains 2 ml of digestion mixture (2) and a few glass beads or socie 
glass wool The empty tube is filled again \nth some ivater, which 
IS agam transferred mth a serological pipot to the KJeldahl flask- 
Tha is repeated several times drawing up and blowing out the water 
m the pipot and woshmg the sides of the tube The micro-Kjeldshl 
flasks with the fluid to be analysed arc set up, and similarly another 
two flasks are filled only with the digestion reagent as blanks Doth 
senes are boiled until the contents of the flasks become colorless agam 
and fumes no longer arise The flasks are coolctl and the residue 
diluted with 2-3 ml of water (or when the digestion mixture contam'? 
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no phoephonc aad tho itaidae m diluted with 2 ml of 10 per cent 
NajIIPOi) Tlio miTod mdicator NaOH-eodium fluoride solution 
(3) IS added drop by drop with cootmuous codmg i\ ith \ratcr Tlie 
solution being weahlj acid is ncutraliied with 27 per cent NaOH 
solution untfl it turns blue all flasks of a senes of determmations 
lequire about the same number of drops Fi\e milliliters of hj'po- 
bromite solution (-lb mixed with -la) mo added to each flask which 
has been neutralitcd m the manner debcnbcd above and are followed 
by a few crystals of KI and 2-3 ml of tho solution of hjtlrochlonc 
acid (4d) The titration is performed mth N/IOO thiosulfate solu 
tion until jcUoa, and contmued m(h ttorch indicator until colorless 
(see also photoelectnc detormination of protein in spmal fluid, p 390) 


Colculoiton 

1^ mi of N/IOO thiosulfate equals 0 OJO mg of nitrogen If this 
figure IS multiplied by the protein factor 0 2o we obtain 0.2875 mg 
of protam which multiplied by lOO givc^ the protein content m 
per cent 


Fxam^e 

2 1 ml of thiosulfate uvxL If 1 ml of spinal fluid is used we get 
2 1 X 0 2876 X 100 — 00.37a mg per cent protem m the fluid The 
quantity of thiosulfate used is calculated by subtmctmg the quantity 
used m the unknown from that m Uio blank 

In normal cases tho protem content of spinal fluid vanes between 
15 and 40 mg per cenL It is elevated m all inflammatory processes 
of tho bmm m all orgame cliangcs or Imtations caused bj epilepsy 
or spastic states. In all tliose changes tho albumin globulm ratio 
maj varj a^ indicated {>> the eounso of the colloid reactions gold 
or masti-T-curv e« 

OTie protem content w elevated in ’ 


ttbee dorsalis 
porealt 

lues evrebroipiiiAlLfl 
bacterial meninettes 
brain tamor 
brain abaeesi 
Froin ■yndrom© 


40* 200 mj per cent 
SO- ICO rai per cent 
20- IflO per cent 
100-1300 mx percent 
30- 100 per cent (moeUy nega 
SO- 100 mg per cent tlve maatlx 
80-2100 mg per cent ciirre) 
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ep encepbaliUf 
cerebral bemorrhage 
cerebral tbrombosU 
epllopey 

•erocu menioeitU 


fiO- 300 mg per cent 
20- 230 mg per cent 
20- 140 mg per cent 
Ifr- 60 mg per cent 
20- 70 mg per cent 
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Delerminalion of CarLohydrates and 
Their Denvatives 

DCTEiunxATiov or Alcohol* 

Pnnaple of 0\e method In the prcscoco of sulfuric odd alcohol ro- 
duccs potassium dichrormitc to chromic sulfato and tho excess di 
chromato is determined iodomclncnlJi Tvilh Ihiosulfato 

Rcadion equation 

2 KiOiOi + 8 n^O, " 2 KSOi + 2 Cr,(SO,)* + 8 n,0 + 3 0, 

3 CH/^HiOn + 3 Oi - 3 ClIjCOOH + 3 U,0 

/Zeojen/s 

U) Dichromato-sulfuric aad 0 2o Ghl of purest roco’Btnlhsod 
potassium dichromate isdlssdNcd in 1 ml of disillicd water and made 
up to 100 ml T\lth concentrated HjSOi 

(2) 8>TUpV HjPO* 

(31 5 per cent KI solution 

(4) 0-2o per cent starch solution 

(6) N/lOO or N/200 sodium thiosulfate solution 

ApparatUB 

(1) alcohol flaslv, coairatiDg of two ports (see fig 40) 

(a) a 60 ml Ericnracyer flask vrith ground-ftlasa top 

(b) ground glass stoppxw to fit tho flask and carrying a small dish 
suspended on a glass rod Ihe length of the rod is such as to keep 
tho dish 10-16 mm abmo tho bottom of the flask i\ben closed. 
Flask and stopper aro equipped with hooka and spnngs to assure 
tight doeuro (see fig 40) 

(21 0 1 ml capillary pipets with 2 marks, tho lower ono affixed 
approximately 30 mm above tho tip Tho marks are necessary to 
avoid evaporation of the alcohol by blowing out the blood. 

(3) When no 1 ml automatic pipe! is avmlablo (see append, p 359) 

S35 
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the potassium dachromate reagent is measured out with a very long 
1 ml pipet and allowed to flow slowly into the flask. 

(4) meubator of 6&-60®C 



Fio 40 Flask for alcohol dstennioatioD aecording to Wldmark. 
Procedio'e 

Before drawing blood the Erlonmeyor flaats ore filled with 1 ml 
of chromate^lfuno and each the aad is allowed to flow out very 
slowly (approvimatelj 60 seconds) The accuracy of the method 
depends to a large axtent upon the accurate measurement d the 
chromate-BuIfunc acid If a senes of determinations is to be per 
formed the use of automatic pipets is recommended to assure an even 
flow and exact measurement of the reagent Blood is drawn from 
the finger tip into the above montiooed capillary pipet to the upper 
mark, the outside of the pipet is wiped off and the contents are al 
lowed to flow slowly mto tho diab, until the blood reaches the lower 
mark Tho ground glass top is scaled with a drop of concentrated 
phosphono acid The flask is oloaod, the stopper is secured with the 
springs and the samples (plus 3 h lank runs) ore placed mto an meu 
bator of 6(HJ0^ for 2~3 hours After that time the flasks are re- 
moved, allowed to cool down to room temperature and opened Caw 
must be taken that tho dnod blood powder does not dnp into the 
acid Otherwise the sample must be discarded If the flask 
not open readily the stopper f*qn generally be removed by coolmg tne 
flask imder running water Ihe contents of all opened flasks are 
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dilutod with cxnctlj 20 ml of water, and cooled down 0^ ml of 
potoesmm iodide Bolution la added and titration performed with 
N/lOO thio^lfatc from a microhurotto until n jcUow color appear*- 
Then a few drops of starch solution arc added and the titration is 
contmued <tlll colorless If small amounts of alcohol arc expected, 
the titration is earned out with N/200 tluosulfato 

Calcvlalion 

One ml of 1^/100 thiosulfate coTTcsponds to 0 113 mg of alcohol 
(empmeally dciermincri for hlood) Tlio accurate factor is 0 116 cal 
culated from the reaction equation which shows that 1 mol of alcohol 
corresponds to 2 atoms of oxvgcn or -1 cquiialcnts Consequently 

1 ml of N/IOO solution corresponds to . ifww ~ 0 116 

4 X lUO X JtSAJ 

Thicfeulfato used up by the blank minus thiosulfato used up by 
the sample multiplied by 113 gi\c« the alcohol content in mg per 
cent, wl^ 0 1 ml of blood and N/lOO thiosulfate are used in the 
analysts 

Example 

thlotolfste turd by tb« bl*ak 3 85 ml 

tUotolfate oard by tbe sample 2 L3 ml 

difference 1 72 ml 

The nicohed content is 1 72 X 1 13 ■■ ItM ^0 mg per cent See also 
table 12 for calculation 

The reduction value of blood normally corresponds to 0.6 mg per 
cent of alcohol The alcohol content of blood pvea certain mdica 
tions os to the degree of intoxication 

Lactic Aqd DCTEHinNATioN 
On^oJ Method} 

Pnnapie of the method Blood Is dcproteinued with metaphc«phonc 
acid and the carbohydrates quantitatively removed by copper 
Bulfato-calcium hydroxide Loctic acid is converted to acotald^yde 
by beating with concentrated H£0| The mtensity of the red color 
which appears upon addition of veratrol corresponds to the amount 
of acetaldehyde formed 
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Tablb 13 — TabU for Ots adeulation of atcokoi 



(1) mctaphospbonc ncid, 10 per cent solution, prepared by dis- 

solving purest grade metaphoaphono acid (acidum metapboepboncum 
glaciale) in distilled nater Even if stored m the cold the solution 
will keep for 24 hours only , 

(2) copper sulfate solution copper sulfate solution saturated 
tho cold IS diluted 1 1 with water before use 
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(3) calchnn hydrcndde (purest grado) 

(4) veratxol sohibOD 0 125 g veratrol (purest grade) a dtaaolved in 
100 ml c£ aba alcohol 

(6) Concentrated sulfuric acid c p If a greemsh-j-ellow color 
appears withm a few minutes after 0 1 ml of a 0 125 per cent alcoholic 
veratrol solution has been added to 3 mL of HjSOi the aad is not 
suitable for use m thia method 

Procedim 

With an exactly calibrated capillary pipet 0^ mL of blood is 
drawn from the finger tip In order to obtain blood without staaia 
a deep puncture must be made If blood b drawn from the vem, 
no tourniquet must be used, the blood must be taken after complete 
muscle rest of at least 30 minutes, 

Dqjrofetntting 0,2 ml of blood are delivered mto 1^2 mL of distilled 
water and the pipet nnsed 2-3 times by drawing up and blowing out 
the mixture Then 0,2 ml of motapboephorio acid are added end 
the tubes are shaken vigorously aUow^i to stand for about ten 
minutes and centrifuged at high speed (The salfosabo^lie acid test 
in the eupenmtant must be negative) 

To remove the carbohj-drates, 0,8 ml of supernatant hquW a 
tranaferred mto a conical centnfuge tube 0,3 ml of copper sulfate 
and 0,2 ml of calcium hjdroado are added and well mixed The 
mixture a allowed to stand for thirty minutes, during this time it a 
stirred wncral times with a glass rod Then the tubes are centrifuged 
at high speed and 0,6 ml of supernatant is removed inth a capillary 
pipot (see Gg 4) core being taken not to rcmo%e copper hj’droxido 
particles The liquid a tranaferred to a dry tube With cooling m 
ice water and eootmuouB shakmg 3 ml of sulfunc acid ore added 
(or 0,25 ml of supernatant + 1,6 ml of sulfunc acid) The tubes 
are heated for cxactlj four mrautes m a boiling water bath and imme- 
diately placed into ice water After exactly two mmutes 0 1 mL or 
0 05 ml of iTratrol solution 18 added to the tubes, i\cll mixed i\herc- 
upon the tubes are placed Into a waterbath of 25®C (a red color will 
appear hen lactic acid a present) Tlio colors ore compared m the 
Hclhgo colonmctcr after c?cactlj 20 mmutes. In the r-niv* where 
0,2u ml of sample and 1,5 nil of sulfunc ncid hni e been used the cup 
of the colonmelcr u too large and a glass wedgo bos to bo inserted 
as dcscribod for tho biluubln detennhjation (p 323) 
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Calculation 

The lactic acid content m mg por cent is read directly from the 
standarduation curve of the test-wedgo (sec p 242) 

LiAcno Acid Detehmtnation wi t h Sotultaneodb 

DEPROTEINiaATlON AND REMOVAL OT SUOAR* * 

The lactic acid determination on blood according to Mendcl-GoJd- 
schoider gives satisfactory results, but the method is cumbersooie, 
when a whole senes of determination has to be performed The fol 
lowing method shortens and facihtates the procedure 
Pnnaple of the method. Blood is deprotemued with copper sulfate- 
calcium hydroxide and the sugar is removed simultaneoaaly After 
centrifuging an ahquot of the clear supernatant is used for the lactic 
acid determmation accordmg to the method of Mendel -Go l ds ch e id er 
(Oxydation with sulfuno acid, and reading m a colonmotcr after 
veratrol solution has been added ) 

Roofftnit 

(1) 12^ per cent copper sulfate solution 

(2) calcium oxyde cp 

(3) concentrated Hj80< (purest grade) 

(4) ^orat^ol solution 0 125 Gm- of veratrol is dissolved m 100 ml 
of abs alcohol 

Procedure 

All tubes used for the reaction (Wasscnnnnn tubes, length C6 
diam 16 mm ) must be cleaned occordmg to Mendel and GeJ 
scheider the tubes are filled with 2-3 ml of concentrated HjSO< 
the Bulfunc acid is carefully diluted bj fiUmg the tubes op to the top 
with water The dilute aad is left ic the tubes until cooled 
then the tubes are nnsed till no more acid is present end 
The required number of tulies (Wassermann tubes) a fiheo ^ 
1^ ml of copper sulfate solution (See fig 4 ) With normBl ima 
lytical precautions 0^ mL of blood is delivered from a capillary pipot- 
Then 0 4 Gm of CaO is added to each tube and the contents 
stirred with a thm glass rod until the mixture is homogenoi^ 
shows a dirty blue color After standing for 1 hour the tu 
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centrifuged at lugb speed One half (0^) ml of supernatant are 
transferred to a (jlean dry test tube and 3 ml of sulfunc aerd ore 
added with cooling m ice water and shaking Then the tubes are 
heated m a boding water bath for four minutes and left m icewater 
for two mmutea, 0 1 mb of voratrol solution is added to each tube 
After tirenty mmutes at room temperatore the colors are compared 
in the Hellige colorimeter 

Calculation 

Hie lacbo acid content in mg per cent is read off from tho*stand 
ardixation curve of the test wedgo (sco below) 

Hufl method is suitable only for the dotormmation of lactic acid 
m blood directly drawn from the punctured finger tip (no fluonde 
blood) 

Preparaium and siandarduaiton ttf the wdgt 
Reagents 

(1) dilute aqueous solution of cobalUo sulfate 

(2) ddute aqueous solution of orange 0 

(3) lactic acid solution o3^ mg of lithium lactate dried to con 
slant weight m a desiccator and corresponding to 50 mg of lactic 
acid arc dissolved m 1030 ml of distilled water A aonos of dilutions 
as shoiNTi m table 13 ts prepared from the lactate solution To each 
0^ mb of the dQutioas 3 ml of sulfunc acid and 0 1 ml of vcratrol 
solution arc added and further treated ns described abo\e The 
tubes arc finally compared in the cdonmetcr with a solution prepared 
by adding n few drops of orango G solution to the cobaltic sulfate 
solution A graph is made, with the scale of tho colonraeter marked 
on tho ordinate, and the mg per cent lactic ncid on the abscissa. 

Tho normal lactic acid content of venous blood (no stasis) is 10- 
12 mg per cent 

^\n mcrcasovi lactic acid content b found m 

(1) increased musdo activity Tha nse Is less m n p-nTjon used 
to ci^erctso (j 9-03 mg p r cent) than in a person not used to it (up 
to 140 mg per cent) 

(2) pneumonia 

(3) diseases of the lung accompanied bj djfpDOQ 

(4) heart dtscnscs 
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(5) etlier anestheeia 

(6) hTpoglycemic ahock. If such doses of inauJin are injected as 
may lead to hypoglycemia, the lactic acid level nsos, bnt thia mint 
not be regarded os-a specifio effect of the mfliilm upon the oarhohy 
drate metabolism, it is rather caused by increased muscle activity 
dunng shook 

(7) pregnancy, especiafly m tone pregnancy 

(8) anemia 

(9) some liver diseases 


TABLE 13 


ml. UcUt* 

mLwmto- 

n«.%UcSe >dd 

1 

0 

5 

3 

8 

10 

3 1 

7 i 

15 

4 1 

6 1 

20 

6 

6 

25 

6 1 

4 1 

SO 

7 

8 ' 

35 

8 

3 

40 

0 

1 

1 45 

10 1 

0 

50 


*Aa Bt&ndard and sample hare been dilated 10 tlmee. 


Blood Suoab 

Method According to Haffedom-Jenten* 

Pnnapia of the method. The protem free blood filtrate is heated with 
on ftltfRlmpi potaaeium femcyonide solution, whereby the sugar re- 
duces the feme oyomdo to ferrocyonide After cooling the eires* 
femoyanide is determined lodometncally according to the equation 

2 K,[FeCCN),] + 2 HI 2 K 4 [Fe(CN)i] + Ii 
However, thin reaction is reversible In order to get quantitative 
conversion the ferrooyamdo must be precipitated by *inc sulfate as 
insoluble nno ferrocyonide 

K4[re(CN),] -f 2 ZnSOi - Zn,[FeCCNj.] + KiSO* 

• Mainly HAJvir Hing to U Hacadoni and B N Jensen Blochem Eeittchr 
ISS 40 1033 137 03 1038 
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Reagmls 

(1) N/10 NaOH 

(2) 0 46 per cent fine flulfate Bohition prepared by diluting a 45 per 
cent ime sulfate stock solution 100 times. 

(3) N/200 potaasiura femc3nuilde In a 1 liter volumetnc flask 
1 06 Gm of potassnim femcyanide and 10 0 g dned NajCOj are 
dissolved m distilled water and made up to tbo mark with water 
This solution must bo stored In a dark bottle If a large number of 
dotcraunationa is to bo performed it is recommended to prepare the 
solution as follows 

(a) 10.6 Gm of potassium fomeyamde (purest grade) is dis- 
solved in 1000 ml of distiUod water 

(b) 100 g. NaiCXb (anhydrous) are dissolved m 1000 mb of distilled 
water 

To prepare tho working solution 100 mb of solutloo (a) are mhed 
With 100 ml of solution (b) and made up to 1 liter 

(4) 60 Gm of xmo sulfate are dissolved in distilled water in a 1 liter 
volumetric flask ^Vfter the salt has dissolved 40 ml of glacial acetic 
ockI are added and made up to the ma^ \nth water Before use, a 

per cent solution of KI In this tine sulfate soluticca is made up, 
1.0 0.25 Gm. of KI for each 10 ml of ocid ZnSO< solution 

(6) 0.25 per cent starch solution (eco appendix p 370) 

(0) N/200 sodium thio^Uatc solution 

VroetduTt 

V number of test tubes ore filled with 1 mb of NaOH (1) and 6 ml 
of line wil/ate solution (2) eocb and stoppered Tbo tubes, thus 
prepared may bo kept on liand os tbo mixture will keep indcfinitcl> 

One tenth (0 1) ml of blood ui drawn from tho finger tip with a 
cupUlar} plpet and doliicrcd into the abo\T3 prepared rinc-h> droxide 
solution The pipot is nnsed by repeated drawing up and blowing 
out tbo mixture Some of the mixture together with a fen air bubbles 
i>j then drarni into tho pipot and slowb blown mto the tubes In 
this manner tho pipet is rinvd quantitatii’cly and at tho same time 
lined bo that the saroo pipct mnj Iw used for one or more control 
samples. 

Tbo samples (together mth 3 blank determinations) are placed 
into a bolbng water bath for threo minutes, this muU U done tmme 
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dtaidy to avoid glycoJysit After cooling, the samples are filtered 
through small funnels (diameter 3-4 cm ) into wide tubes, (Hagedom 
Jensen tubes, 30 x 90 mm ) A small plug of cotton, washed pre- 
viously with hot water la placed mto the funnel to servo as filter 
The tubes are rinsed twice with 3 ml of boding water and the wash 
water ib also filtered Funnels and tubes may be washed with an 



apparatus shown in figure 41 The filters are allowed to drain 
finally the cotton plug is squeosed out with a thin glaas rod to ohtam 
quantitative recovery of the filtrate The cotton should be 
tightlj closed gIfLtw jars equipped with ground gloss stoppers, m 
to a> Old contamination mth volatile reducing substances the cotton 
must also be fat-free. This is ascertamod by placing a thm layer 
cotton mto a cylmder containing woter Fat-free cotton w31 imme- 
diately sink to the bottom 
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To the protem-froo filtrate 2 ml of alJuiJmo potaaslura femeyamdo 
solution nro odded using on nutomatio pipot (appendix p 3o9) If 
no mitomntio 2 ml pipct w axAilablo, an exactly calibrated regular 
pipet is used The accuracy of tho determination depends largcl\ 
upon the exact measurement of tho femejonide solution 



Fio 42 Atrroaxnc Fille* roa Aao Ziito-ei7Lr*Tr fotiasium 
Iodide Solotioii 

Notv all tubes are heated for fifteen minutes m a boilbg urator bath, 
or m cases uhero the result of the determination Is urgently needed 
Cm cases of coma) they are placed for three minutes mto a glyccrm 
bath at 12o®C * After cooling 2 ml of the aad ime sulfato-potas- 

Aceording to the physical la*" a rbe In tempcrmtnre of 10 dexrcca C spoods 
np the metioD by about 2) ticoos (aco rholcstofol p 207) F Rappapori aod 
F Elchhom Acta Med OrlenUdia II 4,^13 
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smm iodido solution (4) (possibly uamg an sutomatlo fiiJor as ahoim 
m fig 42) are added The liberated lodino is titrated with N/200 
sodium thiosulfate solution, using a few drops of starch indicator 
towards the end of tho titration The sugar values are read from 
table 14 The difference of tho sugar values between blank and 
sample gives mg of glucose m 0 1 ml of blood Multiplication of this 
figure by 1000 results m glucose expressed m mg per cent 

Taiulb li — TobUfor Pu deiermtnaiton of i^van$ in blood oceordinf to 
Hdgtdom-Jtnaen 



Exampie 

thioeulfate used up by tho bluk 1 03 cJ 

thioooifato used up bv tho oample I OS id 

m table 14 1 08 ml of thiosulfate correspond to 0 103 mg sugar and 
J 93 ml of thiosulfate correspond to 0 012 mg sugar The difference 
muJtiphed by 100 gives a sugar content of Jfil mg P®*" 
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Tte Hagedora-Jensen method gives accurata values only up to 
340 mg per cent of sugar The accuracy cannot be mcreaaed by the 
u« of larger quantities of potassium femcyonidc because the Hage- 
dom-Jonaen roduction values do not follow a Uneor equation but form 
a parabolae curve. The curve shows that the calculation factor be- 
comes leas and less favorable with mcrcasing sugar values, 

MeOuxi aaordinff to Ft^jUa Aktjt and Danxo Iwalak^ 
Principle of the method The reduction of the potassium femeyamde 
solution by sugar depends upon the pH Under optimal conditions 
(Iniffenng with phosphate) a Imeor blood sugar curve can be obtamed 
On account of the buffering the lodometnc determination of excees 
feme cyanide is camod out m mmeral-acid solution 

Reogerdt 

(1) N/10 NaOH 

(2) 0 45 per cent cno sulfate solutloD 

(3) (a) phosphate buffer 70 Qm of secondary potassium phos- 
phate and 21,25 Qm. of tertiary potassium phosphate aro dissolved 
m ^-ater and made up to 1 liter in a volumetric flaA 

(b) 3.3 Om of potassium f6rH«^anid6 ore dissolved in distilled 
M-ater and made up to 1 liter Before use, equal parts of sohibons 
(a) and (b) are mlved 

(4) 160 ml of fuming HCl is dJuted to 1000 ml with distiUed 
water 

(6) 60 Gm, of lino sulfate and 26 Gm of KI are diasoHed in re- 
distilled water and made up inth water to 1000 ml 

(0) 0J2o per cent starch solution- 

U) N/200 sodium thiosulfate solution 

If onl> occasional analyses are to bo performed it is recommended 
to prepare solutions (4) and (6) os follows 4a) 60 Gm of »mc sulfate 
are dissolved In 1000 mL of water Before use enough KT is added 
to give a 2,0 per cent sdution of Kl in ZnSOi 

Procedicre 

Draw mg of blood deprotoiniimg and filtratioo are earned out os 
desenbed for the original Hagedom-Jensen method To the clear 
filtrate 4 or 0 ml of potassium femcynnide-phosphate mlvture are 
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added and the tubefl are heated for fifteen minutes m a bo3mg water 
bath After cooling 2 ml of potassium iodide mixture and 2 ml of 
hydrochloric acid are added to each tube, (for a senes of determuui 
tions tho UBO of an automatic filling device as shoivn m fig 42 is recom 
mended) and the liberated lodme is titrated mth N/200 thiosulfate, 
using starch as indicator 


Calculation 

Thiosulfate used for the blank noinus thiosulfate used for the sample 
multipbcd by 0 174 equals sugar content of the sample m mg If 
0 1 ml of blood has been onalyied, multiplication by 174 will give 
the sugar content m mg per cent (sec also table 15) 


Example 


thioffoirate a*«cl for the bl&ok S 85 ml 

thio*uIfato u«d for the eamplo 2 91 ml 

dUfenoM 0 D4 ml 


0 94 ml X 0 174 » a sugar content of 0 103i>0 mg m 0 1 ml cf 
blood, or 103 JO milligrams per cant. 


Tiinmdnc Deicrmtnalim of Sugar in Om ml of Whale Blood 
{PUiema, Serum)* 


In some caees it is difficult to obtain even 0 1 ml of blood. *1116 
following method permits the determination of sugar m 0 02 mL of 
sample This method is convenient for sdnes of detenninstioiis m 
infants and itmpll ommals, like rata, guinea pigs, and m the squetw® 


humor of tho eye 

Principle of the method A known amount of potassium femeysmofi 
IS reduced by sugar i\ith beatmg and tho excess femcj^anide is deter 


mmed lodometncally 


Reagenle 

(1) N/50 NaOH 

(2) 0 46 per cent *mc sulfate solution prepared from a 45 per cen 

stock solution. . 

(3) potassium femeyarudo-phosphato mixture (a) m a 1000 
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vohimetxio flask 0 9 Gm of potassium femoyamde is dissolved m 
water and made up to the marie (b) phosphate bailor 210 Gm of 
secondary potassium phosphate and 63 75 Gm of tertiary potassium 
phosphate are dissolved m water and made up to 1 hter with water 
Before use equal parts of solutions (a) and (b) are mixed 

(4) imc sulfate potassium iodide reagent (a) to a 20 per cent *mc 
sulfate solution prepared from purest grade ZuSO* m redistilled water 
are added immediately before use enough KT crystals to give a 25 
per cent solution This reagent may only be used on the day it jb 
prepared. 

(5) 20 per cent phosphono acid, prepared by dflutmg 20 parts (by 
volume) of syrupy phosphoric acid with 80 parts (by volume) of watc 

(6) N/1000 sodium thiosulfate solution In a 1000 ml vohnnetnc 
flask 12 ml of N/1 NaOH and 10 ml of N/10 sodium thiosulfate are 
placed and made up to the mark with distilled water TTua solutlcii 
will keep for 2-3 weeks 

(7) 0.25 per cent starch solution 

pTOcedxtrt 

The required number of teat tubea (Wasscnnnnn tubes with bp, 
length 66 mm , diameter, 10 mm ) plus 2-3 tubes for blank runs are 
filled with 1 ml of NaOH (1) each TPilh an exactly calibrated cap3 
lary pipet (Sahh pipet with long tube) 0 02 ml of whole blood (plajm*! 
serum) is drawn The outside of the pipet is carefully wiped clean 
the blood is blown mto the alkaJi and the pipot rinsed by drawing op 
and blowmg out the mixture, the nnsmg is repeated twice more To 
all tubes 1 ml of amc sulfate solution (2) is now added and the tube# 

are immersed m a boilmg water bath for three mmutes (Itisnec^ 

sary to apply thiw method of deproteinixmg — oddlng the blood to the 
alkali, to cause hemolyTds and homogenising and subsequent 
cipitation with smo sulfate — for the following reason very BOiri 
amounts of blood added to colloidal smo hydroxide coagulate 
protem and enclose sugar m the particles, resulting in irregular and 
low sugar values) After cooling to rocan temperature the mixture 
B filtered throuf^ a small funnel (diameter, 25 mm , the stem 
be narrowed near the top) mto Hagedom-Jensen tubes. A si^ 
piece of cotton washed with hot water serves as filter For 
washing the use of the apparatus as shown on p 244, fig 41 m recc«Q 
mended (The cotton must bo stored m tartly closed tin cans or 
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gks jars.) The small test tubes ate nnsed 3 tunes with 1 ml. of 
hot water each and the wash water is also filtered The filters are 
allowed to dram finally the cotton plug is compressed with a thm 
glass rod to obtam quantitative recovery of the filtrate To each 
tube 2 ml of phosphate buffer-femcyaiude solution (3) are now added 
and the tubes are placed m a boiling water bath for twenty nunutes 
to accomphah the reduction After cooling 1 ml of *mo sulfate-KI 


Tablb 18 



solution (4) and 1 ml of pboephono aad solution (5) ore added and 
titrated to colorless with N/1000 thiosulfate (6) from a micro-burette 
with a few drops of starch solution (7) as mdicator The color change 
M sharp even thou^ ti ver> dilute thiosulfate solution is uaod 

Caladalion 

Thiosulfate used up by the blank minus thiosulfate used up by the 
sample multiplied by 174 gives the sugar content In mg per cent (»ee 
also table 10) 
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Example 


thio«nlfat« a*od up bj tho blank 
tblcMTulfate UMd up by tbo samplo 

difforenco 

0 68 0 d X 174 — 116^ mg per cent ngor 


3 SO ml 
1 63 ml 


0 eSml 


Titnmeinc Mdhod far the Ddermtnaium of Sugar tn OjOI or 
OXfOS mZ. of Wkcle Blood, {Scrum, PlasmaV 
Testing and e^ aluation of many hormone- and vitamm-prepar*- 
tionfl 08 well as many other problems require senes of detcnnmaboiB 
m small animals nbere tbo exact estnnatjan of sugar m very small 
amounts of blood is needed Tho following penodate method affords 
the accurate determination of sugar m 0 01 ml reap OOOo mL of 
blood 

Pnnaple of tho method Sugar is oxydlied m add solution by peno- 
date m a water bath, the penodote is reduced to lodate, and the 
excess penodate is determined 

lUadton equaixon 

KIOiO + (iHOH &HOH 

KIO.O + <!®0H (!®0H 

(Ih.oh I y’O 

C— H 

+ 

KIO.O 

lo; + 21 ' + H,0 - 10.' + I. + 20H' 


lodometncalJy 


+ oo.nc / 

- 6HC 


+ oo.nc 


+ HC 

\0H 
+ 6KI0. 


RoagentB 

A- for dcproteiniang 

(1) sodium silicate-phosphonc acid reagent To 160 mL erf 10 P®" 
cent sodium sihcate solution (Na^SiOj X 8 HtO, purest grade) m * 
1 liter flask ore added 7 Gra of NaCT, 070 ml of distilled water nnU 
91 ml of molar phoephono acid, the OhhL is placed m a hot 
bath until a distmct opalescence is noted Then 00 mL of 
phosphoric acid arc added to the hot solution and the reagent is 
mix ed When cool it a ready for use. 
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(2) 0 1 N NaOH> 

(B) for the sugar detenmimtion 

(3) acid periodate solution (a) m a 1000 ml volumetric flaslk, 0 4 g 
of crystaUme potaaium penodate (purest grade) is dussolved m water 
with heating and after cooling made up to the mark with water (b) 
10 per cent H*SOi (5^ ml of HtSOi specific gravity is made 
up to 100 ml with water) 

Before use equal parts of solutions (a) and (b) are mixed 

(4) 12 per cent solution of secondary potassium phosphate in dis- 
tilled water 

(6) potassmm iodide, 

(0) freshly prepared 0 001 N neutral sodium thiosulfate sotution. 

0,25 per cent starch solution 

Procedure 

The required amount of test tubes (Wassermann tubes, length 
65 mm diameter 10 mm ) plus 3 extra tubes for blank runs are filled 
with 1 ml of sodhim aHieate-pbosphorio acid reagent (1) and 0 8 ml 
of 0 1 N NaOH (2) each. With an exactly calibrated and graduated 
ftahli capillary pipet* 0 01 ml of whole blood (serum plasma) u 
measured out and blown out mto the doprotemlamg mixture. The 
pipet IB raised 3 times by drawing up and blowing out the mixture. 
The tubes are well shaken and immersod m a boQmg water bath for 
3 mmutes After cooling to room temperature the contents of the 
tubes are filtered through smaD funnels mto Hagedom-Jensen tubes, 
a small piece of cotton (washed with hot n-ater) serving ns filter (see 
fig 41) The tubes arc nnsod 3 times with 1 mL of hot water each 
and the mish water is also filtered The Hagedom-Jensen tubes 
must bo washed thoroughly before use and raised v,ith distilled ivater 
The last drops of fluid are squccied out of the cotton plug with a thin 
gloss rod To each tube 2 ml of acid penodato solution (3) are added 
and the tubes placed mto a boiling water bath for twenty minutes to 
accoraphsh the reduction ^Vftcr cooling 4 ml of secondary phos- 
phate solution (4) are added and well mixed Now a few crystals 
of KI (5) arc added ond after repeated menng the liberated iodine is 
titrated from a micro-bnrottc with 0 OOl/N thiosulfate solution (0) 
Se%'cral drops of starch solution (7) are added as mdicator 

* Bee Appendix p SCI 
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CaJculaiton 

rhioeulfato Ubed up by tho blank minua thioeulfate used up by tlie 
ftample multiplied by 190 gi\ee tho sugar content of the sample in 
mg per cent (if onl> 0 005 ml of blood i\ere used, the difference hia 
to be multiplied by 380 ) 

SfrmmicrthDetermtnaiion of Blood Sugar according to Shaffer and 
Hartmann* 

Principle of the meihod Tho alkalino copper (3) reagent is reduced 
to copper (2) ooade by sugar in tho heot After cooling and acidifying 
lodme 18 hberated from KIOi and KI, contamcd m the reagent, which 
m turn orydiscfl CiuO to CuO From the titrimotnc detemiinabon 
of the excess iodine, the lodme used up for the oxydation of CujO to 
CuO can bo estimated From this figure the amount of sugar present 
in the sample can be calculated 

Reagmit 

(1) 10 per cent soibum tungstate solution 

(2) 2/3 N HjSOj or 9 07 Gro per cent KHSOj 

(3) micro carbonate-tartano acid reagent 

(a) 40 Gm of anhydrous sodnim carbonate c p are dissolved 
m 400 ml of uater 

(b) 6 Gm of crystallme copper sulfate cp and 7J5 Gm. of tar 
tanc aad are diasolFed in 150 ml of distilled ivator Solution (b) b 
poured mto solution (a) with constant stimng 

(c) 0 7134 Gm of potassium lodate 10 Gm of potassium lodi^ 
and 18 4 Gm of potassium axalate are dissolved m 250 ml of distil 
water and added to the mixture of (a) and (b) m a 1000 ml 
metnc flask. After cooling the volume is made up to 1000 ml wi 
distilled water 

(4) N/200 sodium thiosulfate solution 
(6) 0 2o per cent starah solution 

(6) N/1 HtSO^ or 5 N H*S 04 

Procedure 

Five ml of Folm filtrate represontmg 0 6 ml of blood (see n^ 
protem mtrogeu dotermmation p 142) and 6 ml of tarti^ a 
reagent are placed mto a large test tube Each tube is covered wi 
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a "rnaJI inverted beaker and immerBed in n boiling water bath for 
fifteen minutes. The tubes are cooled under running cold ^?ater 
and tho contents acidified with 1 ml of 6 N HiSO< or 6 ml of N/1 
HjSO* The liberatod lodme is titrated with N/200 sodium thio- 
sulfate, usmg a fe^v drops of Htarch mdicator towards the end of the 
titration The end-point is sharp and permanent 

The blank titration is determined after heating the reagents with 
water instead of blood filtrate. The blank titration of 6 ml of re- 
agent should require about 20 ml of N/200 thiosulfate and la con 
stant The reagent (carbonate-tartanc and) may be used to stand 
ardixe the thiosulfate 

Cdexdaium 

Ihe difTeronce between titer of the blank and of the sample multi- 
plied by the copper-factor of the thiosulfate used, gives the copper 
reduced One of N/200 thiosulfate equals 0.318 mg copper 
Table 10 should be consulted for the cooversion of copper mto terms 
of glucose, the table gl^ee also data from which the di^erenco m 
titration in ml N/200 thiosulfate for 5 ml of reagent plus 6 ml of 
blood filtrate may bo converted directly mto percentage of sugar in 
blood 

The normal fastmg values of blood sugar vary between 70 and 
120 mg per cent 

High fasting blood sugar levels are found m 

(1) diabetes meUitus 

(2) hunger hypergl>*ceima 

(3) hyperthyroidism 

(4) increased adrenal funotion, or after adrenalin injectloas 

(6) after etbcr-chloroform anesthesia (in an> cose of anesthesia) 

(0) asphyna 

(7) often during penods of fever 

(8) m some forms of acromogolia 

(0) convulsiotia (epQcpsy, eclampsia) 

Decreased fastmg blood sugar lervols are found m 

(1) hypcnnsulinism (adenoma hyperplasia of islets of Langerhans) 
after insulin mjoctloas and m adrenal msufCciency 

(2) hjTxrthyroidism 

(3) acute yellow atrophy of tho Uver 



360 UrcBOCHmnOAL UCTHODfi blood ant? 0^ EXAUTNATIONB 


SUGAR VALUES IN SPINAL FLUID* 


normal fuUng adult 

40- 70 

mg 

per 

cent 

sugar 

normal fasting child (to 10 






yean) 

70- 90 

mg 

per 

cent 

sugar 

functional mental disease 

70- 96 

mg 

per 

cent 

sugar 

lues of central nervoos system 

SO-110 

mg 

per 

cent 

sugar 

epidemic encephalitis 

70-110 

mg 

per 

cent 

sugar 

supporstive mening)t!i 

0- 25 

mg 

per 

cent 

sugar 

tuberculous tnenioi^UB 

18- S8 

mg 

per 

cent 

Gugsr 

brain abscess 

70-110 

mg 

per 

cent 

sugar 

brain tumor 

70-100 


per 

cent 

sugar 


GABBOITTDUATB TOLBBANCB TESTS 

The presence of a normal or almost nonnol fasting blood sagar 
levd docs not prove that the carbohydrate metabolism of tho cr 
goniam la mtact lliereforo several methods have been devised to 
test tho tolerance of the organism for carbohydrates. A few mothoda 
are described below 

One Hour, Tvx)-Do$e Sugar ToUranes Ted {Exion and EmY 

(1) Fasting blood and unne samples. No 1 are coHectod 

(2) Patient receives by mouth first dose of glucose (60 0°^^^ 
solved m 325 ml of water) From one to 2 minutes are allowed 
for Its mgestion 

(3) Thirty mmutes after ingestion of glucose, blood and unne 
samples, No 2 are collected 

(4) Patient receives second dose of glucoee same as above 

(6) Thirtj minutes after mgestion of ghicoee blood and unnfi 
samples No 3 are collected- . 

(0) Blood and unne examinations ore performed m the usual 
manner 

I 

Notes 

(1) A normal tolerance gives a normal fastmg No 1 blood 
and a negative No 1 unne sugar Blood No 2 shows a nse n 
ceeding76mg and a negative No 2 unne sugar Blood No 3ifl e®* 

* According to J Kolmer Approved I<ftboratory Technic, Applcton-Ceo 
tory Gompnny London New Yock Srd edition p 735 
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the game or does not exceed the sugar content of No 2 by more than 
6 mg and a negatxvo No 3 urme sugar 


Tablb 17 — Utertatti Toitmne* 




ThM alttr ^noM 

'ndie 

JDnUa. 

00 mJo 

tOnb. 


Normal 

Venoua mcar 

90 

125 

130 

100 

85 


Artenal nsor 

90 

1S5 

155 

105 

60 


A V Difference 

0 

+10 

+25 

+5 

+6 


Seram P 

4 0 

S 4 

2 9j 

2 6 

2 8 


E q 

0 S3 

0 frl 

0 S8 

0 60 

0 95 

I>eeroa*ed hepalla 

Veooo* futar 

60 

140 

17D 

130 

90 

^jeofenoaU 

Artonal tUfar 

00 

150 

leo 

145 

100 


A V Difference 

0 

+10 

+20 

+15 

+10 


Serum P 

4 0 

S 6 

3 0 

3 8 

8 1 


E q 

0 83 

0 84 

0 60 

0 SO 

0 93 

Inenaaed bepatla 

VooooJ fogar 

110 

105 

160 

170 

185 

fljeocaaosis 

Arterial eugsr 

110 

ISO 

210 

165 

140 


A, V Difference 

0 

+18 

+20 

+16 

+5 


Scram P 

40 

$ 5 

8 I 

3 0 

3 0 


R q 

0 80 

0 6& 

0 90 

0 90 

0 96 

I>Ub4tei meUitof 

Tukku 

180 

260 

310 

340 

850 


Arterial near 

180 

265 

818 

850 

355 


A V Difference 

0 

+5 

+8 

+10 

+5 


Seram P 

4 0 

6 

4 0 

4 0 

4 0 


R Q 

0 70 

0 70 

0 77 

0 7S 

0 77 

Hyperpitaltarlam 

Venoae near 


100 

170 

160 

130 


Arterial cafac 



180 

105 

185 


A. V DUTerenee 


+5 

+10 

+5 

+5 


Serum P 

111 

3 8 

3 8 

8 0 

4 0 


E.q 


0 so 

0 61 

0 82 

0 83 


(2) In diabetes the blood sugar of No 3 la 10 or more mg. higher 
than No 2 the unnes may or may not bo positive for sugar according 
to the seventy of the disease 

(3) Should the No 8 blood sugar nse sufficiently to classify the 
tolerance as being abnormal and all the urines are negative, then a 
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fourth sample of iinno may be coUooted one hour after No 3 which 
in most cosoe will be pomtivo for sugar 

Tdermce Test wxih Oral Admimslraiton of 100 Qm of (TZuctw** 
In a normal fasting person (12-10 hours after the last meal) the 
blood sugar level is doubled within thirty minutes after intake of 
100 Qm of glucoso in tea Tho blood sugar generally rotuma to the 
starting level lJ-3 hours later, often lords loner than the starting 
one aro reached In a dmbctio person tho nso is more marked and 



HOURS HOURS 


Flo 43 ToIeraDco taatf wjth oral administration of lOO grama of glneos* 

the hyperglycemic ponod lasts lon^^r (see table 17 and fig 43) A 
higher nso of the blood sugar curve maj also be caused by hunger, 
prolonged penod of tnno after last meal, and by a prolonged carbo* 
bydrato-freo diet 

Tolcranc* T’sst accord\r\g to Stauh-TraugoU xnlh of 

L. PoUaL, 

Tho fasting patient receives 2 doses d 50 Gm. of giucoee each 
orally, tho time interval being 14 hours. The roeulting blood su^ 
curve IS charactenied by the fact that at ninety mmutes after ad 
ministration of tho first doee tho blood sugar levd is only 30 rog pw 
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cent hi gh AT than the fasting level Since rt has been found by ex 
penence that the ninety mmute >ahie jb the most significant one 
sugar detorminationfl betireen *ero and ninety mmutes may be 
omitted m this method (first part of double load) During the eecood 
part of the test i o after the second dose of glucose blood sugar de- 
tertmnatiOQfl are performed at 30 00 and 120 minutes (tune counted 
from the time of second administration of ^cose) Normally the 
sugar level vrill nee very slightly or not nt all after the second dose 
m any case the fastmg le\’cl will be reached agam after two hcxirs 
Under pathologic condrtiona the hyperglycemic reaction durmg the 
first period is prtrfonged, 1 e at ninety minutes a more or lees pro- 
nounced rise IS noted During the second part the level ma> contmuc 



PiQ 44 Toleruioo taat •eoonUag to Btaab-TraagoU 

to nse nei'ertbeless it may return to the fastmg level after two houni, 
counted from the point of adnunistration of the second dose of glu 
cose In other cases a delayed return to normal has been found to 
accompanj the abnormally hi^h nse during the second part. This 
latter behavior is chaiactenstio for an insuffidenoy of the islet cells. 
(See curves, fig 44 ) 

Tolerance TeU by Doeaye vnlh )Vhsi« Bread aeeorrhng toC v Noorden'* 
After fastmg for 12-16 hours the patient roceivea 1 2, 3 and 4 
white bread umts in one hour intervals (one white bread unit equals 
26 Gm of white bread) Blood sugar analyses are earned out before 
each bread mtake as well as one and 2 hours after the last mtake 
Fig 45 shows the resultmg curvea. 

Certam pathologic conditions other than diabetes mellitus can 
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(Muse a decreased carbohydrate toleraiKM Other conditionfl agam 
may caiuso an increase of the tolerance 

Decreased carbohydrate tolerance 
The decreased tolerance may be caused by 3 factors 

(I) decreased cbihty of the liver to form glycogen This occurs 
In all acute rapidly progressing Uver diseases, in acute and subacute 
yelloiv atrophj of the liver, m phosphorus-chlorcrform and carbon 
tetrachloride poisonmg, in acute alcohol poisoning, in tone hepabhs, 
m hepatitis uith disease of the gall bladder m congestive jaundice 
and catarrhal jaundice (see tablo 17) ** 



Fio 45 Adminlfltrotlon of white bread ac^ordinf to C van boordeo 

(2) glycogen deficiency of the liver This group includes hyper 

thjroidism hype^lctl^■ltJ of the adrenals acidosiUJ, chronic malnutn- 

tion cachena Also all acute occumng mfectious diseases, such as 
lobar pneumonia diphtbena scarlet fever (table 17) ^ t 

(3) decreased utfliiation of sugar in the tissues the most unpoiw 
clinical manifestation is m dubetes mcllitus (table 17) and hj'p^ 
pituitansm. 

Increased carbohj-rirate tolerance 

The alimentary nse of blood sugar after admmnrtration of c«rbo- 
hj'drates is less than m the normal person From the practical * 
c^ point of ^ lew these cases may be dividcKl into 2 groups 
(1) decreased gIj*cogcaioIysi8 m tho liver in this group 
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hypothyroidism (myxedema, cretinJmi), Addaon’s disease, diabetes 
mellitus essentuil hypertension, late stngo of pregnancy, 80 X 1 © 
anemia 

(2) Increased utilisation of sugar m the tissues a typical repro- 
sentatiix of this group la hypennsubnism functional disturbances 
accompanjnng hjTXJTplasia, adenoma and carcinoma of the islands 
of Lnngerhans in the pancreas (table 18) oxccasive ingestion of carbo- 
hydrates alto belongs to this group 


Taslb 18 — Itiertatti Olueots ToleTtnc$ 




Tkw tlirr tlonM 


JO alD 

W mU. 

n Bki, 

UOMilm 

DeoiMwd bopatlo 

Vadoui cufor 

6& 

70 

80 

74 

es 

dreocsoolvcti 

Artorial Supir 

U 

73 

00 

80 

76 


A V Dlfforeoc® 

0 

+3 

+10 

+6 

+7 


Strain P 

4 0 

3 3 

3 6 

3 2 

3 3 


n q 

0 62 

0 65 

0 60 

0 04 

0 06 

HyperiowHntpn 

VtDOOt fugar 

a> 


68 

64 

48 


ArUriJ fugnr 

JO 

TO 

OO 

05 

53 


A V DiBcreaeo 

0 ! 

+16 

+32 

+11 

+10 


Scrum P 

S 8 i 

3 0 

3 3 

1 0 

1 4 


U Q 

0 6^ 

0 00 

0 04 

0 06 

0 06 

HypopitaitarUm 

V enooa ca(v 

70 

7S 

83 

78 

70 


Arterial cagnr 

70 

00 

120 

110 

03 


A \ Difference 

0 

+12 

+3S 

+34 

+25 


Scram P 

4 0 

3 3 

3 0 

2 4 

2 4 


n-q 

0 83 

0 80 

0 00 

0 05 

0 06 


(3) hj'popituitonsm (table 18) 

Wth all these tests it can bo demonstrated that the sugar content 
of venous blood differs from that of arterial (capillary) blood The 
odmmistnition of carbohydrates also causes a change of Inorganic 
serum phosphorus lev cl In the normal person the phosphorus con 
tent will drop 1-1 ^ mg per cent (maximum reached after 30 minutes, 
return to normal after 4-3 hours) 

Tables 17 and 18 show blood sugar lc\xls (nrtcnnl and venous) and 
inorganic phoophorui levels under x*anous conditions. 
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DfT> RMINATION OF FbUCTOSB” (LcvULOSB) 

Prtnaple of the ineihod In contrary to glucoso, fnictobo in oblo to 
reduce phoephomolybdio acid to a blue compound (according to Folln) 
whlcb can bo titrated with N/lOO potassium permanganate In the 
cold till colorless The reduction of phospho-raoHbdlc acid is pro- 
portional to tho fructose conccntrotion m the sample, but not spoafie, 
since dioxyacctonc, mothyl-giyoTal, and glyccnno-aldohydo show tho 
same proportj Ilowovcr, those compounds do not ordinarily occur 
in npprocmhlo amounts in normal blood ond tliorcforo they do not 
interfere r-itli tho fniotoao determination m oxponmontal fructosomia 
Glucose cauftcfl only a minimol reduction accoimtcd for m tho blank 
run When blood-glucose ta to bo dotorroinod together inth fnie- 
toso, tho fructose is doterrnmed first, and then tho total reduction ts 
estimated according to Hagedora-Jensen From this latter value 
tho reduction \aluo for fructose is subtracted For clinical purposes 
it sufHcca to put tho reduction of 100 mg. of fnictoso as equal to 00 rag. 
of glucose 

Tho estimation of fnictoeo w performed m tho protein free filtrate, 
prepared eitlier accordmg to Folin Wii or nagodom-Jensen uitli the 
modification as indicatwl by Stoinili and Uichcn 

Kea^ixta 

(1) (a) For doprotoiniiing according to Folin Wu see uno acid, 
p 195 

(b) for deprotomising according to Hagedora-Jensen a-ith the 
modification of Steiniti and Uiosrn'* o) 0 46 per cent imo sulfate 
solution sodium hydraado in a 100 ml ^ olumotnc flask 12.6 ml 
of N/1 NaOII are mode up to tho mark ^^^th distilled water 

(2) molybdate reagent (o) 40 g of sodium molybdate arc dissoUTd 

m 100 ml of distilled uatcr (b) 6o ml of 86 per cent phoephono 
acid 40 ml of 2o volumes per cent sulfunc acid and 20 ml of gUw^ 
acetic acid are mixed aitli constant stimng Before use equal 
of solutions (tt) and (b) arc mixed This mixture ^nJl keep for ' 
day 8 only when stored m tho rcfngomtor Solutions (a) and (b), 
when stored separately, will Keep mdoflnitoly 

(3) N/lOO potassium permanganate solution 

(4) ferrous phononthrolme indicator (red-oxy indicator is deep 
as forroua salt, turns colorless (faintly blue) upon oxydatioo 
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PTfparalion of ike indicator 

To prepare phcnanthrolme** 20 Gm of ortho-phenyleno-duunino 
llOGra offiliccnn 62^ Gm of atronic acid and 100 nd of conccn 
tralcd lIjSOi are mixed Tbo reaction » rtartcd by careful beating 
with frequent shaking ^Mien It has subsided It is heated to a slo^ 
l)oiI for 2-3 hours and after that time It is diluted ^ith at least twice 
Its volume rf water After filtration NaOH la added until the reae 
tion IS wcaUj qckI causing prwnpitation of a resmous mass, whicli 
forms a solid lump after shaking and cooling Tlie supernatant m 
decanted filtered suction and tho gummj residue which contains 
a considcmblo amount of phcnontbrolinc is thoroughlj washed with 
hot water to ninch ft small Amount of 11*504 has been added FIl 
Imto and washings arc pooled and tho TTgClrdoublo salt of phenan 
tUrolino Is precipitated with concentrated lAibhmato solution Tho 
precipitate is separated b) suction through a Buechner funnel and 
after suspension in water It Is decomposed b) H*S m tho beat After 
removal of HgS b> sucUon the filtrate Is cooccntreled and NaOII is 
added until a wxok alkaline reaction U obeervod Now it is e\ftpo- 
rated to dryness heated to appranmatdi 140*0 for soseral hourn 
and the remdue Is extracted witli methyl alcohol The ertnict is 
agam e\aponited to drjmoss and tho residue is distilled m vacuo In a 
retort (sau<ngo fiad^) (230-240*0 and 11 mm Hg ) Finally the com 
pound is recn'stallited from n large \olumc of water Yield up to 
12 gm (moltiDg pomt of tho monohjvlralo 105*C) Ten grams of 
pbenonthrollno and 2il Gm of ferrous sulfato are dissolved m a small 
amount of water and tho solution is saturated with KBr Tho crys- 
tals aro separated by suction and washed with ft very small amount 
of ice water 

A freshlj prepared solution of 20 mg of these crystals (ferrous 
phenanthrolme bromido) m 2o ml of water Is used as mdicator 

Procedure 

(a) Determmatloo of fructose with dcproteimxmg according to 
Foim-Wu 

In a test tube 2 ml of molj bdate nuxturo (2) aro added to 2 ml 
of Folln Wu filtrate and heated m a boiling water bath for exactly 
25 minutes. After cooling the titration is performed with N/lOO 
potassium permanganate (freshly prepared each time) 0,5 mL of 
Indicator (4) having been added The ongmal blue color gradually 
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changes to red and the first drop of excess permanganate brings aboct 
a sharp change from red to colorless As the blue molj'bdenom re- 
action product IS stable, the titration may also be perfonned on the 
foUoTvmg day If more than 2 ml of permanganate is required, less 
filtrate must be used In this method it is important to use equal 
volumes of moljbdate mixture and filtrate 

Calculalion 

(mh N/lOO KAlnOt - 0 00) X 500 , , , , , , 

— mg. per cent fructose m blood. 

0 00 ml correspond to the blank value of blood glucose of approxi- 
mately 100 mg per cent (this vahie mcreaacs by 0 023 mh of N/IOO 
KhlnO« for each 100 mg of blood glucose) 2 70 is the specific reduc 
tion for fructose and SCO la tho factor for JOO ml of blood (dfleboe 
factor, 2 ml of filtrate corresponding to 0.2 mL of blood) 

(b) Determination of fructose with deproteinicng according to 
Hagedom-Jensen 

Two tenth ml (0.2 ml ) of whole blood is blorm mto a test tube 
containing 2 ml of 0 46 per cent ZnS 04 goJution and 0.8 ml 
and the pipot is nnsed several times with the deproteminng mixture. 
After heating for three minutes m a boilmg water bath it is filtered 
through a dry filter One and fi\ e-tenths of a miUihtcr of filtrate 
(correspcmding to 0 1 ml of blood) is mixed ith 1 J5 ml of phospho- 
molybdic acid reagent (2) and heated m a boiling water bath for 2o 
minutes 

Calculatton 

(ml N/ lO O 005) X 1000 _ p,, 

Example for (a) 

Permanganate used up 0.35 ml According to the Hagedom-Jen 
sen method the reduction corresponds to a glucose content (glucoee -f- 
fructose) of 146 mg per cent 

From the permanganate titration the fructose content is calcul^t 
according to the abo\o mentioned formula 

(035 - 000) X 600 _ 039 X 600 _ 146 _ cent 

o vn “ •> rn ?> 7 
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ghicose content 146 — — 146 — 65 9 80 1 mg. per cent 

The calculation for (b) la the same os abo\o 

The fructose tolerance teat la often used cUnically as a hver function 
test If the island apparatus is mtact, the blood sugar Io>el is leas 
influenced by fructose admimstmtion than by the administration of 
glucoeo because the hver takes up the resorbed fructose immediately 
and utilises it far more easily than glucoso for the gljTOgen synthesis 
Ongmall> the hver function teat with fructose was limited to the 
tost for fructose cicrotion m unne The more refined methods ore 
baaed upon administering to the fasting patient (12-10 hours of fast- 
ing) 40-60 Gm. of dextrose-free fructose dissolved m 200 ml of water 
or tea. Blood for analysis is taken ei\ cry thirty mmutea over a penod 
of two hours. 

The ncrnual curve Is charactented by a maximum of 30 mg per 
cent above the starting v^ue after 80 minutes and by a return to 
nonnal after l-lj hours In cases of decreased abihty of the hver 
to convert fructose mto glycogen the fructose content of blood m 
creases by more than 36 mg per cent (up to 136 mg per cent) and 
docs not return to normal after two hours. This phenomenon is 
foimd less In chronic than In ocute liver diseases (acute yellow atrophy, 
chloroform phosphorus-areemo poisoning acute catarrhal jaundice) 
A decreased fructose tolerance u alto encountered m hyperthyrokiiam 
(Basedow s disease) 

DirenainxATiov ov Gaoactose 

Prtnapie of the mdhod Aftcryeast fermentation of the blood glucose 
the ycast-resistant galactose is determined according to Hagedom 
Jensen 

ReaffenU 

(1) yeast suspennon 2 Gm of ordinarj fresh baker s yeast is sus- 
pjcndcd in 20 ml of 0.85 per cent NaCI solution The suspension is 
centrifuged at high speed tho supernatant liquid Is decanted and the 
sediment washed several times with 20 ml portions of 0.85 per cent 
NaCl unt3 a clear supernatant results Thb is usuall} tho mso after 
4-6 ccntnfugations and washings Now the sediment is token up in 
20 ml of 0.85 per cent NaCl solution and placed in a water bath at 
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30®C for thirty minutes. After this time the yeast is agnm cantn- 
fugod, the Bupematant is decanted and the residue is agmn taken up 
m 20 ml of 0,85 per cent NaCl solution and centrifuged This pro- 
cedure is repeated twice more Finally the sediment la taken up m 
16 ml of 0^ per cent NaCl Mlution This j'east susponjnoo must 
be tested before each anolj'sis for the ability to ferment gluw« and 
leave galactose intact. 

(2) In some cases it is impo^ble to find suitable yeast then tiie 
yeast (preferably the strain 8 Ludwigu) must be grown m danfied 
beer wort as follows 

(a) Before use equal parts of beer w ort and water are mixed, and 
one tea spoon of egg albumm per bter solution is added This mix 
tuTB IS heated for 8 hours in a ateam pot, filtered and filled mto flasks 
or tubes If a precipitate forms after some time, the beer wort most 
be refiJtercd and sterflued The tubes ore inoculated with the stock 
culture meubated for24 lioursat 28*C and stored in the ro/ngeiator, 
under these conditions they will keep over o jx^nod of tunc The 
amount of j*eaat required for the analysis is obtained b> jnocuUtico 
of 200 ml erf beer wort with the entire content of a stock culture tube 
and mcubating at 28*C for twcnt> four hours The yeast forms * 
large amount of sediment which ib washed 6 tunes with m/15-ni/25 
phosphate siolution Finally a 1 per cent suspension in this buffer 
mixture IS prepared 

(b) phosphate solution 95 parts of pnmar> (ra/16) and 6 parts 
of secondary (m/16) phosphslo aro mixed (sec appendix p 384), OZ 
Gm of sodium oxalate is dissolved in 100 ml of this mixture Oxs 
late is added to the buffer to prevent coagulation of the blood All 
other reagonts see determination of blood Migar p 242 
Procedure 

The required number of test tubes (plus 3 tubes for bUnk niiu) 
18 filled with 0^ ml of water With an exactly calibrated capiBsrr 
pipet 0 1 ml of blood is drawn from tho finger tip and after the pipet 
h^s been wiped off carefully on tho outside the contents are blown 
into the tube The pipet is nnsed by drawing up and blowing 
the mixture m the tube three tunes. One half (Oh) rok of yeftst 
suspension la added to all tubes and blank tubes and samples are 
pla^ mto an incubator at 30 C for approxhuately one hour an 
shaken every fifteen mmutes 
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After incubation 1 mL erf N/10 NnOH and 6 ml of 0 46 per cent 
xmo sulfate is added to each tube jThe tubes containing the samples 
are immersed m a water bath of 80®C for a few mmutes (2-3) and 
filtered while hot mto Hagedom-Jensen tubes through a small plug 
of cotton, which has been washed with hot water (fig 41) The tubes 
are rinsed 3 times with 3 ml of hot water each time and the wash 
water is also filtered The blanks are filtered coliL (The tubes must 
not bo heated, but must be washed 3 tunes with hot water ) Heating 
of the blanks hns to be avoided because the filtrate may become 
clondy The rest of the procedure is the same as described for the 
detenmnation of blood mignr accarding to Hagedom-Jensen 

Calexdalujn 

(a) nomp^ajic rtdudUoiu 

After fermenUtioa of the glucoae by yeast each blood filtrate stlU 
contains a number of compounds whi^ are able to reduce potassnim 
femoyonide m the beat, such as uric ochI, creatm oreatininey etc 
Thu redaction is called nonspecific reduction and can be ox p ieas ed 
m mg per cent glucose according to the Hagedom-Jensen table 
The amount of noaspeafio reduotion vanes with different Indivl 
duals but is relatively constant m ouch person and represents glucose 
value of the total amoimt after fermontatioai. 

(b) The value for galactose is calculated according to the follow 
ing formula mg per cent galactose — (C — B) X 

C *" mg per cent sugar after galactose odministration and yeast fer 
mentation 

B mg per cent sugar after yeast fermentaUon of the fasting blood 
(non-epcdfic reduction) The factor 1^ results from the 
fact that the reducing pouer of 100 mg galactose equals that 
of 80 mg of glucose, {-W- “ l-2o) 

(c) glucose content and that of galactose is calculated as follows 
mg per cent glucose - D — [A + (C — B)] or 

-D~A-C+D 

D — rag per cent sugar after galactose administration without jreast 
fermentation. 

A — mg per cent sugar of the blank r un. 

B •• mg per cent sugar after yeast fermentation without galactose 
administration Nonspecific reduction. 
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Example 


tbiotalfato a»ed up 
by the bUnic (n 
ftgonti) 

thJotfulfato uaed up 
by blood after 
ywt«t formerit 
before gtdactoeo 
intake 

thioeoJfate used op 
by blood after 
yemt fonuont 
ftlaetoeo la 


1 97 ml (5 rag per rent glncoee} 


1 S4 nil ^ mg per cent glaceoe) 


(A) 


(B) 


toko 

tbioaulfato uacfd up 
by blood after 
ealaatoao Inuke 
without ycart 
forment (total n 
daetJoQ) 


1 44 ml (09 004 per c*Dt giecoBe) (0) 


0 fH loJ (206 Dig per cent glneoee) (D) 

From this can ba calculated 

(0 content (C - B) X 1J25 - (99 - 27) X 1125 ” 

90 mg per cent galactose 

D - A content including nonspecific roduction 
TV, “ 5 — 00-f- ^ -I 129 mg per cent ghicose 

no normal tolcnwco dose for galactose is 3(M0 Gm Gaketoao 
n up m^Iy by the liver, like fructose, and converted into 
^ endoenno glao^ have a greater influence upon the 
. . ^ oranw than upon the glucoeo tolerance, A decrcoaed 

In ^ c»^nd in impaired liver functions (galactose test accord 

» during menstnintion and pregnancy, m hyperpv* 
itan^ eas often in hyperthyroidism It is also encountered In 
unc on of the aex glanda An increased toJeroneo is fcrtmd b 
hypopituitanam and hypothyroidism 


QAnAcrrosB tolshance test® 

The fwtient IS starved over night no breakfast or morning tea 
being allowed A doae of 40 Gm, of galactose, dissolved in 2c0 ml 
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of water, IB given by month It is necessary to UBe hot water and cool 
Buhsequently to obtain complete eolutiom Blood nj token before and 
^ 1, and 2 hours after the solution has been drunk 

Fig 40 shows a typical normal and a typical abnormal curve The 
maximum blood galactose may occur at i 1 or li hours (usually 
1 hour) and the sum of these four values, for ^ihich the term “galao- 
tose mdci* (G I ) is suggested appears to be the beet entenon for 
puipoecs of componson and tends to be about double the highest 
■value 

There is usually a fairly close correlation between the galactose 
index and the highest value and it is evident that a peak value of 80 



mg of galactose per lOO ml or a G I of about 100 may bo taken as 
the upper normal limit. The a\era^ normal GJ is CS 
Normal figures wore recorded in diabetes and m obstructive jaun 
dice, and impairment of function was demonstrated m tone jaundice 
and m hyperthjTOidism, 


0IOXTACETOVE** 


0 

I 

Pnnetplc of the method Dio^acctono ITOIIiC — C — CIIrOH is able 
to reduce potassnim fcrricjTinido ta the edi This reaction is 
quantitative and stoicbiomctnc The excess jwtossium fcrricjimldo 
is determined lodoractncally Other compounds present in blood 
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and also capable of reducing m tho cold are taken care of by a blank 
run 

Bmcc dioxyacotonc haa nercr yet been proven to be an intermediary 
motaboho product, ita dot-ormmation is only performed m cases of 
experimental dioxyncotonemia 

RiCQaiU 

Same as described for the determination of blood sugar accordmg 
to Hagedom-Jenson, (p 242) 

Procaditre 

Tho required number of test tubes plus 3 tubes for blank runs h 
filled with 6 ml of 0 45 per cent fine sulfate solution and I mb rf 
N/10 NaOH solution each A colloidal solution of sino h>’draiide 
results With an exactly calibrated pipot 0 1 ml of blood la ditiini 
from the finger tip and after the outside of the pipet has been wiped 
clean, the blood is blown mto the colloidal '*inO'h\*drtcDde solution. 
Tlie pipot IS nnsed by drawing up and blo^nng out the doprotemiimg 
mixture 3 times The tubes containing the samplo as ircll as the 
tubes for the blank (ime hydroxide Anthout blood) are placed into a 
boilmg woter bath for one and one-half mmutes After coolmg the 
samples and tho blanks are filtered tlirough cotton winch has been 
crashed with boilmg wafer, mto Hngodom-Jensen tubes (fig 41) 
The tubes ore nnsed 3 tiroes with 3 ml of boilmg water, and the wash 
water is also filtered After tho addition of 2 ml of polasamm fern 
cyanide (3) (exactly moosurod) the tubes are allowed to stand at rocm 
tomperaturo for 16-24 hours Then 2 ml of the acid nno sulfate 
potosBJUm lodido mixture (4) and a few drops of starch ore added to 
each tube and tho hberated lodme is titrated from a micro-burette 
with N/200 thiosulfate till colorless, 

AVhen blood sugar is to bo determined together with dioxyacctooe 
(heat reduction) * all tubes must bo loft standmg at room tenip^ 
turo for 16-24 hours after tho addition of potassium femoyau o 
only then tho tubes marked for reduction m the beat are immersed 
a boilmg water bath for fifteen minutes and titrated When th^ 
tubes ore heated vrithout digcotion at rocan temperaturo the lesul 
are too low 

• In thii CMC twice the numbor of tubes moft be set up 
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Ccdculalion 

Cold roducUon of the reaRcnts Bubtnictod from tho cold reduction 
of the saraplo multiplied by 0 1 corresponda to the diaxjTicoUmo con 
tent of the earaple (but if dio^yncetone is ontdjTcd m pure solutions 
1 ml of N/200 sodium thiosulfate comaponds to 0 09 mg of dioxy 
acetone By deprotcmixation of the blood tho dioxyacetone loses 
about 10 per cent of Its reduction poncr) 


Example 


<Hdd reducUfra of roactnU 
hot reduction of reagent* 
cold reduction of Uood before dlo'cyacelono 
load 

cold reducUoo of blood after dio'cyncotone 
load 

hot reduction of blood before dloxyecotono 
load 

hot redaction of blood after dio\jneoioi>o 
load 


1 OS ml (A) 
1 07 ml (B) 

1 SSml (O 

1 65 ml (D) 

I W ml (E) 

1 15 ml (F) 


From tbeso figures the foUotnng values oro calculated 

(1) dioxyacetone content of blood in rog per cent ■■ (C — D) X 
ai X 1000 - (1^ - 1 (b) X 100 - 0J»3 X 100 - 23 mg percent, 

(2) glucore content before load (see table 12) According to tho 
table n thiosulfate requirement of 1,34 ml — 117 mg per cent \rith a 
blankvaJueof 1 07ml —fimg pcrccntcorrc^wndstoglucosocontent 
of 112 mg per cent 

(3) glucose content after load (together mth dioxyncotone) In 
order to calculate the glucose content after adimnistmtion of dioi} 
ncclono tho foUowlng formula must bo used 


2J» - ((B - F) - (C - D)! - 200 - [(1J)7 - 1 16) 
- (1,88 - 1C5)J - 141 


1 41 ml of thiosulfate read from the XlagcdoTn-Jenscn table corre- 
spond to a glucose content of blood of 100 mg per cent 


UVEB rUNCnON TEST wnn DIOXTACETOVE®* 

Tho fasting patient rccchcs 40 Gm of djoxj'ncctono dissolved m 
2 cups of tea. Blood Is dmirc for blood sugar and diQX>TicotoDO 
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detenniDatioiifl before admimstration of dioijacetone, and five, fif 
teen, thirty and sixty minutes afterwards Normally the averai? 
value will not exceed 8 mg per cent of dioxyacetone In cases d 
liver damage higher values up to 90 mg per cent withm 6-16 mmatci 
are found 
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Chapter VUI 

Ketobodies and Polyvalent Alcobols 

Qualxtativb Test foe Ketovemu in Suall Amoevts op Sebou^ 
PnnapU of the method Acotone in the presence of nitropnisside 
Bodmm flnH ammonia develops a violet (permanganate-like) color 
(Rothera s test) This test is simplified by using dry powdered 
reagents 

ReoQetU 

1 Gm of mtropruaside sodhim and 23 Qm of ammonium sulfate 
are finely ground and thoroughly mited m a mortar Now 20 Qm 
(rf anhydrous sodium carbonate are added and mixed cooapletely m 
a well-closed jar 

pTocedwe 

A small pinch of the powder is placed on a spot plate according to 
Feigl* and one drop of serum* is added and mixed with a glass rod 
The presence of acetone is indicated by the appearance of a violet 
color 

Tile minimfll blood level of acetone bodies giving a definitively posi 
tive test IS approximately 10 mg per cent 

SnmncBO-DETCTiriNATiov op Acetove A?n> Acetoacetic Acm 
Principle of the method AcetoaccUc aad and preformed acetone are 
distilled from the deprotcinised blood filtrate and absorbed m a 
measured amount of lodme solution of known titer The excess lodme 
18 titrated with thiosulfate 

Reodion equation 

CHjCOCH, + 3 1, - CHiCOCI, + 3 HI 

3 HI + 3 NaOH - 3 Nel + 3 H,0 
CH,CQCI, + NaOH » CHiCQONa + CHI, 

CH,COCII, + 3 I, + 4 NaOH 

=« GRI, + CH/lO0\a + 3 Nal + 3 H/3 

Tb« nune teat may b« oaed for nrloe aiuljraia 
273 
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Reagfnta 

(1) 10 per cent sodrum ttmgstnto solution 

(2) J N HiS 04 or 0 070 Qm per cent KHSO* 

(3) 20 per cent NaOH, prepared from fsaOH c p 

(4) 20 per cent H-SOi 

(6) N/200 lodino solution, prepared freshly each time from N, 
solution 

(0) N/200 sodium thiosulfate solution 

(7) 0^ per cent starch solution 



ProcedxiTt 

According to Fclm Wu (see Unc Acid p 105) 1 ml of oinh 
blood (plasma or scnim) js deprotemiied and filtered Five m 
filtrate, correspondmg to 0 5 ml of blood and 2 ml of sulfunc acid 
are transferred to the distilling apparatus (fig 47) Into the icre 
are placed 3 ml of N/200 lodmo solution to nhich NaOH is 
until the bro\\n color disappears (using a dropping bottle) ' 
tile first five minutes of the distillation tho receiver flask ^ 

with tho condenser tube renchmg below tho Burfaco of the 
iodine solution Then tho receiver is loucred and tho clistilla o* 
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continued for five more minutes. After the distHbtion is completed 
the rccoher flask is removed and 20 per cent suJfunc acid is added 
with cooling untn a brown color duo to liberated lodmo appears. 
After the addition of saveral drops of starch solution the titration is 
performed from a micro-burette with N/200 sodium thiosulfate till 
colorless 

The accuracy of the method depends on several factors 

(1) The analytical data are correct onl^ if a blank run does not 
use up any alkalmo lodmo solution m the receiver (The amount of 
thiosulfate required bj 3 ml of iodine solution before distillation 
must be identical with the amount required after distillation of the 
reagents without blood) This can only bo achieved when the entire 
apparatus a constructed in ono piece Rubber connections ore an 
unending source of errors. 

(2) No alcohol, acetone or ether may bo used m tho room whore 
the distillation is carried out 

(3) All gbsswaro used must be soaked m cleaning solution over 
night nnsed ndth water, and dned in an oven (boware of organic 
solvents) 

Cdculaiton 

As seen from tho reaction equation 1 molecule acetone corresponds 
to 0 lodmo atoms, ConsequenUy 1 ml of N/200 thiosulfate solution 
68 

corre^nds to ^ ^ — 0 0184 mg of acetone As 6 mb 

o X X IwU 

of filtrate =• 0.5 ml of blood have been used for the analysts, the 
blank value minus value for tho sample multiplied by 0 0 results in 
the acetone content arpressed in mg per cent (table 10) 

£xampb 

N/200 thlotolfatfl tnod op bj tho btaok 2 S8 ml 

N/2UU UilottiiraU used up bjr tbo sample 2 11 ml 


dlffcTOnco 0 76 ml 

0 76 ml X 0 6 " occtoDo contoot of 7J2 mg per reaU 

Micro-Detebme<ation or Agetovd and Acctovcctio Aao* 
ITie following method, which b based on the method of M Ljung 
dahl * alkrwB the determination of acetone bodies accurately nnH 
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Tablb 19 — Tahtcfor (\e ealadalion of action* conUnt 


M] N/^OO NdtSiOj “ 7 acotono 



0 

. 

s 

1 

i 

i 

6 

T [ 

1 

♦ 

0 0 


0 4S 

0 90 

1 46 

1 03 

2 42 

2 00 

3 SS 

3 87 

4 S 

0 1 

4 M 

6 33 

6 81 

0 29 

0 78 

7 26 

7 74 

8 23 

8 71 

91 

0 2 

9 OS 

10 10 

10 05 

11 13 

11 61 

12 10 

12 5S 

13 0< 

13 55 

14 0 

0 3 

14 22 

16 00 

16 40 

16 97 

IG 40 

10 94 ) 

17 42 

17 01 

' 18 39 

IS s 

0 4 

19 3G 

19 84 

20 32 

20 81 

21 29 

21 7 a 

22 26 

23 76] 
27 60) 

23 a 

23 I 

0 6 

24 20 

24 6S 

25 17 

25 05 

26 13 

29 02 

27 10 

' 2S 07j 

28 5 

0 6 

20 (M 

29 62 

30 00 

30 40 

30 97 

31 46| 

31 94 

S3 43 

' 33 91 

S3 3 

0 7 

33 8S 

34 36 

34 85 

35 33 

1 35 S3 

36 30, 

1 38 78] 

i 37 27| 

37 75 ; 

»: 

0 8 

3S 72 

89 20 

30 69 

40 17 

■to Od! 

41 62, 

t 42 11 

4'> 50, 


1 43 t 

0 9 

44 OJ 

44 63 

45 01 

46 60 

45 98 

46 46| 

40 S3 

47 43 

47 93^ 

' 4S4 

1 0 

48 63 

49 87 

49 85 

60 61 

60 SJ 

51 30, 

51 79 

52 27 ; 

52 76| 

53 1 

1 1 

63 72 

S4 21 

54 00 

66 18 

65 60 

50 14 

50 93 

57 n 

57 60 

5S ( 

1 2 

6S 66 

59 OS 

59 53 

00 01 1 

GO 50 

60 08 

61 47 

61 95 

62 44, 

62 ( 

1 3 , 

63 40 

63 80 

' 04 37 

04 86 , 

65 84 

55 S3 

66 31 

66 79 

67 28 

67 ' 

1 4 . 

OS 24. 

OS 73 

69 21 

69 70 ; 

70 IS 

70 66, 

71 1^ 

71 63 

7S 

73 < 

1 fi 

73 03 

73 57 1 

74 05 1 

74 « 

76 02 

75 60 

75 09 

76 47 

76 06 


1 6 

77 92 

78 41 

78 80 

70 38 

70 88 

80 34 

80 83 

81 31 

81 79 

53! 

1 7 

82 70 

S3 26 

83 73 

84 22 

S4 70 

85 18 

S5 67 

80 15 

86 64 


1 8 

ST 00 

8S 00 

88 67 

60 00 

80 51 

90 02 

90 51 

90 00 

01 4S 


1 9 

92 44 

02 93 

93 41 

03 89 

94 38 

94 S6 

93 35 

95 83 

96 32 

06 1 

2 0 

07 2S 

97 77 

9S 25 

08 74 

00 22 

1 00 70 

100 19 

100 67 

lOI 1» 


2 1 

102 12 

102 61 

103 00 

103 67 

104 06 

|l94 54 

105 03 

105 51 

105 99 


2 2 

100 06 

107 45 

107 93 

lOS 43 

lOS 90 

109 38 

100 87 

no 35 

no 84 


2 S 

in SO 

112 28 

112 77 

113 26 

113 74 

114 22;il4 71 

115 10 



2 4 

116 04 

117 13 

U7 01 

118 10 

118 58 

118 06 1I» 5! 

120 03 

|U0 ' 

2 5 

121 4i 

121 97 

132 45 

123 94 

123 43 123 90 124 S94J4 87 


2 0 

126 32 

(126 SO 

127 20 

127 78 

12S a!,12S 7.||12!) 23 

120 71 

'135 ■ 

Il30 88,140 ; 
J4J 72 145 : 

2 7 

2 S 

181 16 
ISO OC 

il3l 66 
(136 49 

183 IS 
130 07 

133 03 
137 40 

IS3 10!13! 68lll4 07 
137 W|I!S 43,133 B1 

134 55 
ISO SO 

2 9 

3 0 

140 81 
145 65 

1 141 33 

141 SI 

142 29 

142 78 143 28 14S 73 

144 23 


quicJJj in 0 2 ml of b]o<Hl «r Hcnun I)> nioiuw of n hiniplf* 
liandlcd appamtin* Tlie dihlillation nppnniliiH (t'R ■1'^) 
throe pnrt« « 

(1) Tho (JistiUing flask (V) wluch is n 50 ml Erienmcyo 
connected to tlie distiilmg headpiece a groond joint 

(2) Tho diftilling headpiece ^Vhen in use the connection s 

u, « ^ -m,^ i^nn/triT/w onnsijftfl of ft 
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the ends of which are bent downwards at an obtuse angle The 
jjiorter side (a) is WKlcncd nt its end to a tcanisplicK) (h) and is ground 
on to the distilling flask The eecond and longer skIo (b) bervos as a 
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dropping tube and m puircaindod bj an external condenser tube for 
condensing the distillate The \nuiiing of the apparatus is done 
through the side tube (C) nhich la attached to the middle part of the 
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distfllmg top piece This tube (C) is extended to a capillary (D), 
ninning parallel to the axis Dunng the distillation, the tube is 
closed by a cork stopper The gloss rod, i\luch is sealed to the top 
of tho semisphenc ground joint and which ends closely above the 
water seal of the distiUmg flask, prevents boiling over 

(3) The receiving vcasel (B), a 60 ml Erlenmcjer flask, b con 
nected to tho apparatus by a double clomp (S) One clamp holds 
tho vcasel, the second one is fixed to the condenser and can be moved 
so that tho end of the diatillmg apparatus, nccordmg to requirement, 
IS immersed mto tho received liquid or ends freely above it To 
facilitate work during tho distillation n hingo is fixed on the clamp 
camor, thereby putting tho flask in on obhquo poation and makmg 
it possible to shako it backwards and fonvards as well 

RcaffcnU 

(1) Diluted phosphoric acid solution 2-3 drops of concentrated 
HjP 04 to 100 of distilled water 

(2) lodmo solution 0 76 ral of 1/10 N lodme solution and 6 ml 
of 20 per cent NaOH arc filled up to 60 ml with distilled water (pit* 
pored daily) 

(3) potassium lodido crystals 

(4) HCl concentrated diluted with equal piarts of water in a sniill 
droppmg bottle 

(6) 1/1000 N sodium thiosulfate solution 

(0) 0-2o per cent starch solution 

Procedure 

Before begmnmg tho determination, the distilling apparatus is 
rmsed with distilled water through tlio side tube (C) and the opening 
IS closed quickly with the stopper, so that a small column of liquid 
m tho capillary (D) closes the latter against the mside of the 
hcadpioco The ground neck part of tho flask (A) is moisteora^ 
a bit of wafer Bj means of tho elastic spnngs the flask is ^ 
the scmisphoro of tho distilling headpiece On tho other side * 
apparatus a flask (B) is clamped Then water is heated in 
distilled into B until cleanlmcss of the apparatus is fully 
Now tho analysis is started with the dotonnniation of the 
value ” 
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A receivmg flask B contaming exnotly 2 ml of the iodine eolation 
(2) IS fixed to the apparatus eo that the dcstillmg tube is nnmerBed 
m the flmd. On the other skIo a dtstflllng flask (A) containing 4 mL 
of phosphono acid (1) (measured with a small \olumetnc cylinder) 
IS fixed m the manner explained above and is heated by a small flame 
When the contenU of the flask have boiled for three minatcs flask 
(B) is pushed down so that the distilling tube is no longer munorscd 
and boding is continued for another minute only Eventually dis- 
tilled water is rmsod through the opening (C) 

Some crystals of potassium iodide 1 6 ml of 60 per cent HCl and a 
few drops of starch solution ore put mto flask (B) It is shaken and 
then titrated with 1/N 10(W sodium thioeulfate solution The value 
thus found is the TJank value ' In the same way potassium iodide 
HCl and starch solution are added to 2 ml of lodme solution m a 
reccivmg flask and titration is earned out without distillation The 
value obtained from this titratioo must be equal to the Talonk value 
When this is not the the distillation must be repoatod Once the 
‘'blank vahie Is found the actual determination can be earned out 
in succession This is done by adding 0^ ml of blood or serum to be 
examined to the measured amount of phospbono acid in the flask (A) 
the flask bemg attached to the apparatus in sucoeasion Precautions 
necessary m exact analytical determinations have to be observed 
Distillation is earned out In the wunfi manner as described for the 
determination of the blank value. Titration of the iodine solution 
in flask (B), earned out subsequently, gives the full values. 

Calculation 

'Blank value mmus sample volue multiplied by 4.83 gives the 
acetone oontent in m g per cent 

ExampU 


Blank toItm 

2 T2 

Bample rtluo 

1 M 

Diffortmee 

1 SS 


13SX483-6 67 mg. por ccot acetone. 

The figures found m table 10 are divided by 10 to grvo the acetone 
content in mg per cent. 
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Tho normill values for acotono + acotoacotic ocKi ^ ary behrcen 1 J 
and 2 5 rag per cent Corboh^Tlratc metabolism and fat degradation 
are closely mtorrclnted Ketobod3 formation is connected with a 
certain glucose requirement of tlie organism In order to get com- 
ploto axydation of 1 5 Gm of fnttj acid tho metabolism of 1 Gm of 
glucose in the tissue is ncccasarj If the ratio of fattv acid to gtocose 
IS more than 1 5 an inlubition of complete fattj acid metabolism and 
lui accumulation of kctobodies will occur Increased ketobodres are 
found 

(1) durmg periods of stanalion, cnusorl !)> deficiency of carbo- 
hydrate 

(2) during normal pregnancy , and during tavio pregnanoes 

(3) m other and chloroform anesthesia 

(4) m diabetes mcUitus values up to 3o0 mg per cent means 

(5) in all processes which are accompanied by alkalosis (hyper 
\entilafion ileus, oxceaai\o alkali mtako) on increase of ketobedtee 
may occur, caused bv ohramation of acid from tho tissiies 

(0) intestinal obstruction 

JIetfrmxnation op Acetonhodies and fi-exY BuTTwe Acid* 

Pnnapfe of the method In the dcprotcmital blood preformed ace- 
tone and acotono from ucotoacctic acid ore deterrajne<l first tlien the 
acetone which has been obtained from 0 ox\ butyTic ncid by chrooiic 
acid oxydation 

RfOffcnis 

(1) 5 per cent nraraoma 

(2) a, 1 per cent alum solution b satumted lend acetate a 
tion 

(3) dilute Bulfuno acid 2j ml of concentrated sulfunc acid are 
poured mto water and after cooling made up to 100 ml 

(4) chromic acid sulfunc ncid 2 Gm of potassium dicliromate an 
20 ml of HjSOi concentration nro dissoI\ed in water and made up 
to 100 ml 

(5) 20 per cent NaOH purest grade 

(0) iN/100 lodme solution 
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*Toctditrt 

Ina2o0m] volumetnc flaak 2^ ml of oxxxlated blood la mired with 

ml of ammonia solution (1) The mixture is diluted with 150 ml 
f water then precipitated first with 5 ml of lead acetate and then 
.ithlOml of 1 per cent alum solution whereupon the volume m made 
p to the mark with water After one-half hour the liquid is filtered 
brough a double folded filter 200 ml of protem free and carbo- 
lydrate free filtrate correapondmg to 2 ml of blood are diluted with 
00 ml of water 2 ml of H1SO4 and some talcum are added and the 
listillation earned out for ten imnutes The dist illing flask (volume 
pproxiinatcly 700 ml ) is placed upon an asbestos-lined metal funnel 
Babo funnel) and is connected with a descending condenser (length 
ppronmately 00 cm ) by means of a bent glass tube and rubber 
toppers (must be m v'erj good condition) The distillmg flask is 
quipped with a ttopper mto which a 100 mi droppmg funnel is m 
erted The receiving flask is well cooled with wetecr and changed 
hen 60 ml of chromic acid-sulfunc acid (4) are added alowlj from 
ho droppmg funnel The distillation is contmued for twenty fi>e 
ninutea. In both distillates tho acotone content a determmed with 
SI/lOO lodmo solution To this purpose NaOH a added to 10 ml 
>f N/lOO lodme solution until the brown color disappears and the 
nixture la allowed to stand for ten roinutes It is then acidified with 
15 per cent HjS04 (3) with cooling and unmediatelj titrated with 
S /lOO sodium thiosulfate solution (The lower part of tho condenser 
■arricH a 2-hale rubber stopper A small glaw tube bent at an anglo 
:\ith a Pcligot tube attached is fitted through one hole A rubber 
stopper of suitable si*o must bo chosen to establish airtight connection 
Aith a 300 ml Frlcnmej-cr fla k serving as receiver) 

lalculatwn 

In the first distillate a W 4 per cent jneld of tho total acetone b> 
abtaincd Coasequcntlj 1 ml of Iv/IOO lodmc solution corresponds 
100 

to 0 0907 X — 0 1024 mg of total occtonc Multiplication of 

tho amount of iodine solution umhI bj tho factor 0 0.)12 (as 2 ml of 
blootl Iinve licen used for the analvsis) gives tlie amoimt of total ace- 
tone in 1 ml of blood If the amount of iodine Uied (or thiosulfate) 
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IS tnuUjplied by 5 12 tho ocotono content exprcssod m mg per cent is 
obtained Tho second diatillato avcrogcs sot a yield of 09^ per cent of 
acetone from /S-oty butync acid Consequently 1 ml of N iodine 
Bolution con«ponds to 00,.C?°l = 

0X5“ 

100 


104 00 
4 . 16 " 

100 


» 23 mg 1 ml of N/lOO lodino solution corresponds to 
0.23 mg of butync acid Multiplication of the amount of 


iodine solution used by 12.5 giVTa ^-o^butync acid m mg per cent 
In order to determine tho total acetone bodies m the fonn of acetone, 
200 ml of blood filtrate 13 diluted ndth 60 ml of nuter 2 mh of 25 per 
cent HtS 04 and some talcum is added, and the disUllation is started. 
As soon 05 boding begins, 60 ml of chromic acid-«jlfunc sod is added 
from a dropping funnel os desenbed above The distiHstion a coo 
tmued for tutintj five minutes. One ml of N/lOO lodme solutioo 
corresponds to 022 mg of acetone bodies, coJculsted os acetoacetic 
acid hlultiphcotion of tho amount of ml iodine solution used by 
tho factor 1 1 gives the amount of acetone bodies m mg per cent. For 
each dotonmnation a blank run (test for puntj' of the reagents) must 
be corned out 

According to the authors this method gives satisfactory results. 

In normal human blood 12 mg of ^-oxy butync acid per hter are 
found 


DcTEniriNATION OP PoLT HtDBOXT AtCOHOUJ (sOHflITOL UANKITOL) 
TOQCTHER TVTTH GuTCOSD IN BdOOD* 

Prmaplo of the method Two parallel detonnlnations ore perfonned 
m one analyaia glucose is estimated according to Fujita Iwatake affff 
deprotemising ^ath sme hydroxido, in the other sample the sum 
sugar and alcohol (sorbitose, mannose) is dotonmned with penod^ 
after deprotemiimg mth silicaite The difference of the values found 
equals tho content of poly bydroj^ alcohols. 
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Rcadion equatxon 

KlOaO + CHOH 

1 

"^on + oo.iK 


(!hOH + OO.IK 

4n— c 

KIO.O + CHOn 

1 

\dh 

CHjOn 

1 

CHiOH 

+ 


+ ^0 
KIO.O 2H— C + 6KI0. + H,0 

\h 

lo; + 21 + H/) - loj + ii + 2on' 

Reofutnl 

For tbo dotcimmatjon of blood sugar according to Fujita I^rotako 
Bee p 247 

For tho penodato method (A) Deprotemixing 

(1) Btabilixed siLcic acid 15 Gm of sodium sdicatc (Na^SiOj X 
8 HiO) arc disoUcd m 750 ml of distilled nutor and fUtorcd through 
a fluted Alter if cloudy To the clear solution 0 Gm of NaCl and 82 
mL of molar phosphoric acid arc added and heated m a boilmg initer 
bath until a distinct opalescence Is observed To tho hot solution is 
added 00 ml of molar phosphoric aad (or see p 252) 

(2) N NnOH 

(B) for tho oxydatioa 

(3) (a) Inal hter \ olumotnc flaak 1 Gra of potafnlum periodate is 
dissolved m 800 ml of distilled water by placmg the flask m a boiling 
water bath After coolmg the volume is made up to the mark with 
diatnied ivater 

(b) 6 per cent sulfunc acid 20 ml of concentrated HiSO^ (specifio 
gravity 1^) i* poured into a 1 bter flask containing ivntcr, and is 
made up to the mark uith water after cooling 

Before use 3 parts of (a) and 2 parts of (b) arc mned (o) for tho 
titration 

(4) 12 per cent solution of secondary potassium phosphate m water 

(6) KI ciystollino purest grade 

(0) ts/200 sodium thiosulfate solution 

(7) 0^ per cent starch solution. 
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Procedure 

The required amount of test tubes (plus 3 tubes for blank runs) a 
filled witli 0 ml of reagent (1) and 0 6 ml of reagent (2) One tenth 
ml (0 1 ml ) of udiole blood (serum, plasma) is added to the sample 
tubes ^\nth the usual precautions Then all tubes are famnorsod m i 
boilmg \vator bath for three minutes The coarse coagubted raatenil 
floats on the surface of the liquid and must bo ^rell distributed by 
shaking before filtration After cooling the contents are ffltered 
through a funnel containing a email cotton plug serving as filter 
(The cotton must bo i\ ashed with boding water before use fig 41) 
The tubes are nnsod three tunes mth a small amount of hot water 
Fdtration is rapid and a clear fiJtmto is obtamed 

To the deproteinizcd filtrate 6 ml of acid penodato sdutloo (3) 
are added, and the tubes are heated m a boQing water bath for twenty 
miDutea After cooling 4 ml of secondaiy potassium phosphate 
solution (4) are added to each tube, well muod, a e m ai l crystal of H 
IS added the solution nuxed again and tie Liberated iodine a titratw 
with N/200 thiosulfate solution till yellow and after the additicai a 
starch solution the titration is continued till colorless 

Cakidaiion 

(Sugar + O-voIent alcohol) thiosulfate used up by the blank minus 
thiosulfate used up bj the sample multiplied by 02 gives mg per ren 
sugar plus alcohol 

The differonco between this value and tho sugar found in the r 
mmation accordmg to Fujita Iwatako gives the content of &-v 
alcohol m tho sample The factor is calculated for the cJmicallv oc 
cumng sugar and alcohol values * 

ExampJe 

(a) blank \aJuo (Fujila Iwatako) 1 95 ml N/200 thiosulfate 

lution 

sample value (Fujita Iwotako) 0 70 ml N/200 thiosulfate 

lution 

differonco 1 19 ml corresponds to 

mg per cent sugar 

• ior thcwetical cwplumtlOD BOO F Ilsppaport J Reiftr AH Welnio*"’ 
Mikrochunle* Acta I SSO 1937 
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(b) blank value (penodate method) 4 72 ml N/200 thiosulfate so- 
lution 

sample value (penodate method) 1 15 ml N/20D thiosulfate so- 
lution 

difference 3 67 ml N/200 thiosulfate so- 

lution X 92 — 

sugar -f alcohol value of 328 mg per cent The alcohol content = 
328 — 207 — 121 mg per cent 

This method has been found satisfactory for sorbitol and other 
hcxanol tolerance testa in humans and animals 
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Chapter DC 

Fats and Lipids 

AU compoimcls wluch roecmblo fata in their physical and chemical 
proporticfi, mainJj m their choractonatlo eoJubihtymorganw solvents, 
oro gcnorallj listed oa lipida 
The lipids con bo subdivided into 3 groups 

(1) free fatty acids and neutral fata (tnglycorm ostors tnpahmtm 
tnstcann, tnolcin) 

(2) Lipids which contain m thoir molecule nitrogen or nitrogen 
and phosphorus, such as pbospliatidcs and ccrebrosidcs 

(3) non saponifiable compounds aomo pigments, sterols and then 
caters 

DuTEimiNATiov OF Totai. LiPros DT PnrcrPiTATiaN am) 
Extraction' 

Pnnctplo of the mcihod The blood fatty acids are extracted with 
alcchci-cthor and oxjdused in the heat by sulfuno ccid potosaum d>* 
chromate in the presence of cone euifato ca catoJyst, The ei«« 
potassium dichromato la determined jodometncdJy 
Reaction equation (the fatty ocids of blood consist mainly of ole» 
acid and palmitic acid) 

K*CrA + 4 II,S04 - K^04 + CrjCSO^), + 4 H^O + 3 0 
I CuII«0, + 51 0 - 18 CO. + 17 II.0 

\oloic ttcid 

I ChHbO, + 40 0 - 10 CO, + 10 H/) 

\palmitic aoid 

fCnllaOH 4- 70 O = 27 CO, + 23 H/) 

\chole8terol 

Reagents 

(1) alcohol-ethor rmxUiro 3 parts of 06 per cent ethyl 
mixed \nth 1 part of other Both solvents must bo redwtBlcd 

use to eliminate any unpuntics. m 

(2) sodium ethylate 2-3 Gm of metallic sodium is 

100 mL of absolute alcohol with cooling The reagent irill keep 
2S0 
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a pcnod of time ^hen stored m a cool and dork place It must bo 
discarded whan it turns yellow 

(3) sulfuno acid one part of concentrated HiSO* is poured mto 
3 parts of a 10 per cent sodium aulfato solution. 

Reagents (2) and (3) most be compared with each other In the 
foUonmg waj one drop of phcnolphthalcm solution is added to 2 ml 
of freshly prepared sodium eth3lat6 solution (2) and, using a sero- 
logical pipet (fig 4) the amount of 11^04 (3) is dotormmed which 
nmitrahioe (decolonsos) the sodium cthjlato solution For the anal 
ysis a lQ-16 per cent excess of this sulfunc acid is used 

(4) saturated chromic sulfate solution 

(6) cono Bulfato-potossium dichromate reagent 0 Gm of ceno sul 
fate ore suspended m 36 ml of N/1 potassium dichromate eolution + 
161 ml of water (the commercial ceric sulfate must bo freed from 
acotiQ acid m a vacuum desiccator filled nith CflO» and NoOII (soUd), 
(see potassium determination p. 100) In order to dissoh'o the cono 
sulfate 314 ml of concentrated H1SO4 are carefully added 

(0) petroleum ether (40-00*0 The petroleum ether must bo 
redistilled, it Is trashed with coocontrated HfS04 between distillations 
(fig 40) 

If the apparatus as shown m figure 49 is used, only one distillation 
is required The outsido, roimd bottom flask (A) is washed with 
concentrated sulfunc add and filled with petroleum ether (chloro- 
form or any suitable liquid maj also be distihod m this manner) The 
distillation Is earned out os usual The petroleum ether distils over 
into the inside \csscl (B) Tlic constant heating caused bj vapors 
entering from the tube (r) and bj Iho steam inside the flask (A) clTect 
a rcnon-cd distillation The dnunogo tubo (U) acts as a vaI\o bj 
causing the condensate whfcli doc* not distil o\'cr dunng tlio second 
distillation, to run off and thus maintam a constant pressure inside 
the flask, aesurmg regular boiling Tlio inside \-essel (D) is connected 
through the groimd gloss jomt and a cork stopper ^nth n distilling 
head (condenser and thermometer) 

This apparatus is suitable for the rcdistiUation of all organic sol 
vents. 

(7) chloroform (redistilled fig 40) 

(8) N/40 sodium thiosulfate solution 

(9) 10 per cent KI solution frcshlj prepared 

(10) 0.2j per cent starch solution 
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All glassware used m tliia method must be freed from fat or gre«e 
by soakmg for twenty four hours in chromio acid sulfunc acid After 
thorough nnsuig with water, it should be dned in an oven nt IKfC 



Pio 49 Apparatob roa Doublb Distillatioic ik Onx Pi^k 
AccoHDuro TO F Rappapobt 


Procedure 

With a capillarj pipet 0^ ml of whole blood (serum) is drawn from 
the finger tip and dehvered with shaking into a 20 ml volumetric 
flask, containing approximately 16 ml of the alcohol-ether mKtuie. 
The flask is immersed m a boOiog water bath for thirty seconds ur 
mg which tune sh akin g is continued After cooling down the volume 
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ii made up to tho mjirk mth alcohol-ether Now the mixture ia fil 
tered through a quantitative filter (Whatman 42 diameter 7 cm ) which 
has prcvioufllj been boiled m alcohol Fifteen ml of filtrate is tmns- 
ferred to a long teat tube with ground glass Btopper (length 16-10 cm-, 
inner diameter 2 cm ) If serum or oxolated blood is used for tho 
analysis, one sample of 0 625 ml of material m a 25 ml volumetno 
flask may be deprotemiicd os described above instead of 3 samples of 
0^ ml This sample ia mode up to the mark with alcohol-ether mix 
tore filtered and 0 ml of filtrate (corresponding to 0 16 ml of blood) 

i. •« 0 16) ta transferred to test tubes equipped with 
stoppers (length 13-14 cm^ diameter appreramately 



Fio fiO Bxll Jab tor Vacttto Etatoeatiox 

22 mm. ) After the addition of 0^ ml of sodium cthjdate the mfa: 
ture is concentrated on a aotcr bath until a small amount of oily, 
gummj residue remains and no more odor of alcohol can be noticed 
This residue is acidified with tho previous!} determmed amount of 
sulfunc acid (see preparation of reagent (3)) placed mto a boilmg 
water bath for 1 mmuto cooled and one drop of saturated chromic 
sulfate solution Is added (to separate tho petroleum ether and the 
aqueous laj cr) After the addition of 2^ ml of chloroform the tube 
is stoppered and shaken carcfull} but vigOTOUsly for 1 minute Ncm 
10 ml of petroleum ether is added and the tube Is again shaken for 
1 minute "UTicn the 2 layers have separated 10 ml of tho chloro- 
form petroleum ether layer is transferred to a 160 ml Erknmeyer 


^ 0 625 

^6 " X 
ground glnw* 
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fifialc It Is advisable to keep tho tubes immersed m cold water danni 
the entire procedure of sliokjog and separation Petroleum ether 
and chloroform arc evaporated from a hot plate and the last trocca 
of soUent removed with a water pump using tho apparatus shotrn in 
fig 60 After the addition of 10 ml of cone sul/atc-potoasiam di 
chromate reagent (if possible mth on automatic pipot^ see appendix, 
fig 00} the flasks is covered \nth amall gloss di6hcs and heated in aa 
oven at 120®C for twenty minutes to accomplish tho ondatlom Now 
75 ml of tap water is added to tho hot flasks. After coolmg, 6 ml 
of potassium iodide solution arc added and tlioh^berntcd iodine titrated 
to j'clJow with N/40 sodium thiosulfate Then a few drops of starch 
are added and the titration is continued until a pale green color 
appears, 

Ccdculaiion 

Tho reaction equation shows that 1 ml of N/40 tluoeulfato corre* 
«ponds to g = OOOCO mg of patoitJC toi M 

2S2 

^ ® ^ ^ compmmda other 

than oloio and palmitic acid occur m blood, which also react with 
potassium dichr^ate and which beJong to the hpid group, Bloor* 
oseumes an average factor for 1 ml of N/40 thiosulfate 0 0()925 mg 
of hpid For the analysis 0,2 ml of blood were made up to 20 mk, 
16 cd of filtrate, corresponding to 0 16 ml of blood were made opto 
12,6 ml durmg the course of the procedure Ten ml of this dJotlon 

■= 0 12 ml of starting material were oxidued with po- 

tassium dichremate If tho hpid content of 100 ml of starting mate- 
rial is to be calculated, the number of ml of dichromate (different 
of thiosulfate used for tho blank and for the sample) must ^ ™ 
phed by the factor 0 00625, then di\uded by 0 12 and multiplied 7 

00092o X 100 ^ 

100 One ml of N/40 thiosulfate corresponds to 

67 71 mg per cent hpid (tablo 20) 
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Table 20 — TeAUfor Ik* ealetdtUioH <if /at eonUnt 


MI N/4D NaiSiOi - m* % fat 



ExtmpU 


thlonlfato oted up bj* tb« blank 33 4 ml 

thloaolfato tsod up bj tbo tamplB 21 9 ml 


dlUcrencQ 11 5 ml 

11^ ml X £7 71 — 0C3J!i£ ms per cent total lipldj 


sf3 = s3s«sa = a328es5s5i£as2sfeagaa£ 
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DtnEcr DETmumNATiON op Total Lipids itithout 
DBPROTBINinNa’ 

Principle of the method The Bomplo (scrum, nholc blood tiasae) e 
hydroI>zcd mth sodium cth 3 lato m Uio Arta pot (fig 52} at 3 at- 
mosphorcs pressure and extracted in acid medium with chloroform 
potroleom ether Tho extract is concentrated and — os proviomlj 
described — oxjdixed in tho heat mth sulfunc acid polassmra di 
chromate in tho presence of cone sulfate as catalyst The cxcea 
unchanged potassium dichromatc is determined lodometncalli 


Rcagails 

(1) sodium othj late 1 Gm of metallic sodium is dissolvTsdm 50 ml 
of abeolufo othjl alcohol This reagent inJJ keep oi'er a penod oJ 
tune uhen stored m a cool and dark place It must be discaider 
when a yellow color is noted 

(2) sulfunc acid one part of concentrated HjSO< is diluted witl 
3 parts of o 10 per cent solution of sodmm sulfate 

Reagents (1) and (2) arc compared as follows One drop of phenol 
phthaJem solution is added to 3 ml of frcahli prepared sodium ethW 
ate solution (2) and uamg a serologic pipet (fig 4) tho number of ml 
of HjS 04 is determined whicli is needed to neutrahie the bodtum 
cthylato solution (decoloring) V 10-16 per cent excess of acid u 
used for tho analysis 


(3) 10 per cent chromic sulfate solution 

(4) ceno Bulfato-potaesium dichromato reagent (i Gra of cenc 

sulfate ore suspended m 35 ml of N/1 potassium dichromatc eolutiOT 
and 161 ml of irater (commeromllj a^'allflb]e cenc sulfoto . 

freed from acetic ncid m a \acuum desiccator over CaCIj sohd 

NaOH SCO p 100) This suspension is dia»oIi*ed h} careful addition 


of 314 ml of concentrated H^O« 

(6) petroleum ether (bp 40-60 C) The petroleum ether muf 
be redistilled Before the second distillation it is washed ivith 


contrated sulfunc acid (fig 40) 

(6) chloroform (redistilled fig AO) 

(7) N/40 sodium thiosulfate solution 

(8) 10 per cent potassium iodide solution freshly prepared 


(9) 0-25 per cent starch solution 
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All glnaswBre used must bo freed from fat b> soaking m chromio 
aod sulfuric ockI for 24 hoars, then rinsed with water and used when 
completely drj 

Procedure 

The required number of teat tubes 16-10 cm diameter 

appitramatoly 2 cm ) intB ground gloss stoppers is filled with 0^ ml 
of water Two tenth ml (0J2 ml ) of whole blood serum or tissue 
(60-100 mg of tissue according to the amount of hpid a’^pected) and 
2 ml of sodmm ethylate solution (1) ore added Ti\o to three tubes 
berving os blanks and containing the same amount of reagents but 
no sample are treated in the same manner All tubes are placed into 
a metal rack and heated m an Aria pot (fig 62) for 66 mhiutei! at 
I30®C The desired tomperaturo is reached when the valve knob is 
adjusted to the — 3 mark The tune mtorval for heating up to 130° 
and the coohng-off penod are not mdudod m the 66 minutes. After 
cooling the previously detemuned amount of sulfuno acid (2) is added 
and when the errunmod matonol is colorless a drop of saturated 
chromic sulfato (for the separation of the aqueous la^mr from the 
petroleum ether layer) Now 2.6 ml of chlorofonn ore filled mto 
each tube and the tubes ore shaken several time* Ten milhlitors of 
petroleum ether are added the tulies are tightly stoppered and shaken 
vigorously for several minutes. With some practice 0 tubes may 
easily be shaken aimultanooualy The tubes are placed into cold 
water bath After the layers have separated 10 ml of chloroform 
petroleum other layer ore removed and the solvent is evaporated from 
a hot plate or a wmpll water bath (boware of open flame) The last 
traces of solvent ore removed on a water pomp usmg the apparatus 
shown In fig 60 the flask itself bemg nnmeraed m hot water during 
that time Groat care must bo taken to remove all traces of solvent 
as they often cause error m the results and also are responsible for 
badly oheckmg controls Now 10 ml of cenc sulfate- potassnim di 
chromate solution (4) are added the flasks arc covered with wmaJl 
beakers or glass dishes and placed mto an oven at 120°C for twenty 
minutes to occomphah the oxydation Seventy five (76) ml of tap 
water are added to the hot flasks After cooling 6 mL of KI solution 
(8) are added and the liberated lodmc is titrated to yellow with thio 
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sulfato and upon addition of a fmr drops of starch tho titration is con- 
tinued tUI the color changes to a pale green 


Table 21 — TahU for caleulciion of fat eonUni 


1 ml of N/40 — rog % ful 



00 

aj 

OJ 

OJ 

04 

c, 

06 


ot 


0 


4 

33 

8 

64 

12 06 

17 


21 

60 

25 02 

SO 

24 

34 56 

CSS 

1 

43 20 

47 

53 

51 

31 

66 16 

00 


64 

80 

60 12 

73 

44 

77 76 

82 63 

2 

86 40 

90 

72 

95 

04 

99 36, 

103 

7 

103 

0 

112 3 

no 


121 0 

Uil 

3 

129 e 

133 

0 

138 

2 

142 6 

146 

P 

151 

2 

155 5 

159 

8 

164 2 

1G4 

4 

172 8 

177 

1 

ISI 

4 

185 8 

100 

1 

104 

4 

193 7 

203 

0 

2D7 4 

211 7 

fi 

216 0 

220 

3 

224 

6 

223 7 

233 

0 

237 

S 

241 6 

246 

9 

253 3 

254 6 

0 

250 2 

263 

5 

267 

8 

272 8 

276 

6 

230 

8 

2SS 1 

239 

4 

293 S 

293 1 

7 

203 4 

306 

7 

811 

0 

3IS 4 

3ID 

7 

324 

0 

823 3 

332 

6 

333 0 

lU i 

g 

345 6 

310 
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Caloilalion 

The average factor of Bloor is uaed for the caJculotion of 
content of tissue or blood, 1 ml of N/40 thiosulfate 

0i)6925mg ofhpid During the course of the detenoioation OJ 
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of blood was diluted to 12^ ml Ten miUfliters of this dilubon (= 
10 X 0^ 

0 10 ml of storting material — ^|2.5~ ® cradixed with di 

chromate If the hpid content in 100 mL of original material is to 
be determmed the foUoumg calculation must be earned out number 
of ml potassium di chromate (thiosulfate required bj the blank mmus 
thiosulfate required bj the sample) mulbpbed by the factor 0 03D2o 
dnided by 0 IG and multiplied by 100 Consequentlj 1 ml of ISZ-tO 

sodium thiosulfate corresponds to 43^ mg of Lpid 

(table 21) 

ExampJe 

thlatnirate osed ap by tho bianV S3 S ml 

thlovulfala esed up by tho cauplo 19 1 ml 

differeow 14 7 ml 

14 7 ml X 43^ • (B5i>4 me per ecot total lipid 

Normally the total Upid content of serum (whole blood) vanes 
between 600-750 mg per cent Hyperlipemia occurs 

(1) during pregnancy and menatruation 

(2) m kidney diseases (nephrosis mainJ> m lipid nephrosis rarely 
m glomerulonephritis 

(3) m anpmiflu 

(4) m d abetes mcHitus 

(6) in hypothyroKhsra 

(0) in fat transport (oral fat mtako and mobiLtaboii of depot fat 
during fasting periods) 

(7) ether narcosis, alcoholism 

A decreased lipid level has occnsionallj been encountered in hjTier 
tb^voidism tendono m fchuophrema 

Deteeatixation of Lecithin an*d Pdosphatides 
Lecithin forms tho largest part of the pbosphatides Ther fore 
the lecithin formula maj be used for the calculation of both lecithin 
and phosphatidea. The lecithm content of blood (scrum) is calcu 
lated from the lipid phosphorus (chapter III p 99) by multiplica 
boo with 25 Lecithm contains approximatol> 4 per cent phosphorus. 
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Emmple 

If 9 00 mg of lipid phofcphorushttAe been found the locithm content 
of blood IS 9 09 X 25 * 227 2o mg per cent 
The normal lecithin values \ao between 175 and 300 mg percenL 

CoLORiMETnic Detehmd* moN OF Cholesterol^ 

(1) colorimetric dctennmation of total cholesterol 
Pnnap^e of the method In the presence of concentrated H-SOi choles- 
terol gi\e8 a green color with acetic anh\dnde The mtenatj" of tlua 
color 13 directl} proportional to tho choleaterol content of the sample. 
Tlie colors are compared in a HelJige or Dubosque colonmetcr 

Deterrmnalton of Total Cholesterol 

ReogeiUe 

(1) ^aOH cp pellets (Merck) 

(2) chloroform 

(3) kaolin (H,AJ^iiOi X H,0) (Bolus niba) 

(4) acetic anhydndc 

(6) concentrated . 

(0) cholesterol standard stock solution 100 mg of pure chc4e»tf 
lb dissolved m 100 ml of redistilled chJorofonn 

(a) vrorking standard for the Dubiwque colorimeter m a 100 
graduated cvhnder 4 ml of slock solution arc made up to the ma 
v\nth chloroform . 

(fi) working standard for the Heihgo colomnefer in a 100 
graduated cjlmdcr 10 ml of stock solution ore made up to the ma 
with chloroform , 

As chloroform is very aoIbWo it is recommended to 
stock solution and worlang standard m high crlmdere wit grouoa 

glass stoppers and to noto tho chloroform level Before 
evaporated chloroform should bo replaced Both ni 

kept m the refrigerator m a dork place as cholesterol d 
chloroform can bo destroyed by sunlight 

Procedure 

To test tubes equipped with ground gloss top Gcngth 13 ^*Lw,le 
and containing 1.5 ml of water is added 0.2 ml of serum or 
blood vnth a capfljan pipet and 2 pellets of ^oOH 
0 4 Gm of \aOn The tubes are shaken and warmed sUgn 
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dissolve tlie NaOH and are then placed into a boding water bath for 
two hours. 

This process con be accelemtcd by allowing the reaction to take 
place at a higher tempernture * To obtain this hi^er temperature 
the aater bath is replaced b} a gli*cenn bath (according to the phi's! 
cal law, a raise m temperature of 10 degrees C. epoeds up the reaction 
bj about 2\ tunes) If a glycerin bath of a terapemturc of 125‘*C 
1 ^ used the cholesterol is cocnpletclv saponified m about fiv e mmutca 
After cooling 10 ml of chloroform is added, the tubes are shaken 
vigorously for 1-2 minutes with outside cooling Approximately 
3 Qm. of Kadm is non added (to absorb the water) the tubes are 
agnm shaken untd the precipitate forms small balls and the mixture 
IS filtered To 6 ml of filtrate I ml of ncotic anhydride* and 0 1 ml 
of H^SOi ore added and the tubes are placed mto an Incubator at 
37^0 for fifteen minutci. If no incubator is available the tubes may 
be left for twontj minutes at room tempomture m a dari^ place ^ow 
the colors aie compared m a colorimeter 
■Wlien the Dubo^ue colonraoter is u-ied o ml of dilute working 
standard solution (Ca) are treated as above desenbod for the sample 
XSTion the IlcUi^ colonroeter Is used 10 ml of dilute standard 
(0^) are treated together with the blood extract 2 ml of acetic anhi 
dndc and 0 2 ml of H^SO* being added Since the green color is not 
•table a soponito standard tube must bo set up for each unknown 
Kimplc keeping the time mterval constant 

The colors obtained with this method mav sometimes show a slight 
>*ellou tint which tends to make the comparison with tlio stonchud 
rather difficult k niform colors mav be obtaiueil when following the 
directions of Sporn^ ^^^th icc cooling 0 1 volume of concentrated 
HjSOi Is added drop bv drop to the required volume of acctio anhj 
dndc (i c 3 ml of acetic nnhjdndc + 0.3 ml of 11 ^ 04 ) Now 1 1 ml 
of acKl*anhvdrKle raivturo are added to u ml of chloroform extract 
or htandarvl tolution avonlmg anv contamination with water The 
ixilors arc companxl after the tuno interval indicated above The 
labonous pipetting of small amoimfs of IIjSOi is thus onutted 


( alrulation 

(a) for the Dubosque colonmctcr 
rea ding of standanl X 0.2 X 1000 
rcadmg of unknown 


mg per ceut cholesterol 
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Caleulaticn 

See total cholesterol, p 297 

Inbibect Trraivirnuc Detehvinatiov op Cholestehol 
Digitovix*- * 

Delermtnaiwn of Total ChoUsUrol 
^napU of the method With the addition of a knoim amoa 
ojgitonm solution the cbolosterol is precipitated as digitomde 
excess digitomn is hydrolysed nod the liberated hexoses are d 
mmed nccoiding to Hagedom-Jcnsen If whole blood or sera 
used for the analysis of total cholesterol, the esters must besapoc 
mth olcohohc NaOH under 3 atm pressure 

Reagents 

(1) sodium ethj late solution 1 Gm of metallic sodium is diiso 
m 60 ml of absolute alcohol with cooling The reagent shout 
frcahl7 prepared before use 

(2) chloroform commori.iall> available chloroform must be 
distilled (hg 40) \fter the distillation the chloroform is washed 
times with 3 tunes its volume of trator m a separatory funnel, 
aqueous (top) laj er being removed each time mth the appsratu 
MOTi-n m fig 61 The chloroform is then dried with kaolin 
iltered through a fluted filter If redistilled chloroform has b 
kept over a prolonged period of tune it must be washed agam 

(3) 0^ per cent ^aCl solution 

(4) kaolin (bolus albs) Merck 

(6) digitomn solution m a 60 ml lolumetnc flask 33 mg of d 
tomn are added to some absolute ethW alcohol and dissolved 
heating m a boihng water bath After cooling 10 7 ml of distil 
water is added it is made up to the mark with alcohol and filter 
This digitomn solution will keep mdefimtely when stored mac 
and dark place (When pure cholesterol solutions are analysed, t 
digitonm solution must be fre8hl\ prepared each tone) 

(6) 40 per cent sulfunc acid prepared by pouring 108 ml of cc 
centrated HjSO^ mto 400 ml of distilled water 

(7) 8-9 per cent NaOH prepared from sodium hydroxide c.p 

(8) 0 1 per cent alcoholic phenolphthalein solution 
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(0) buffered potaasunn femcyanWe BoluUon according to Fujita. 
AkjJi & Danio Iwntako (see p 247) 

(a) 6 04 Om of potnanum femciankiB is dis9ol\’ed m 1 liter of 
distilled water 



Fio 51 B«parator> ftmael «ltb vypbon a e - co r d iDH to JacobecQ and 
Dinemore 

(b) 101 Cm of eocondaij potofcsiuin phosphate and 33 G Gm 
tertiary iiotaasium phosphate arc di^solcod in water and made up to 
1 liter Before use equal parts of (a) and (b) ore mixed 

(10) rmc Bulfatc-potassiuro iodide solution (see glucose dctcrmmn 
tion according to llagcdom-Jcnecn p 243) 

(11) HCl solution 20 ml of fuming HCl are diluted with 80 ml 
of water 
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(12) N/200 sodium thiosulfate solution 

(13) 0 25 per cent starch solution 

Procedure 

With a calibrated capillary pipot 0 2 ml of whole blood is drsnn 
from the finger tip (or 0 2 ml of axalated blood, serum or plasma is 
used) and after wiping the outaido of the pipet the amnpJo is slowly 
delivered mto a test tuba with ground gloss stopper (length 13-13J 
cm diameter 2 2 era ), contaming 2 ml of sodium etliylata soluboo 
Determinations ahouJd bo nm m dupheate or triplicate and each 
sonos muat also contain 2-3 blank runs For the blank nm, the 
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tubos aro filled with 0J2 ml of 0^ por cent NbC 3 solution and 2 
of sodium ethylate solution Blank tubes and sample tubes are 
placed mto a metal frame and heated m a steam pot for 65 minu^ 
at 130°C Wo have usod Arta pots (fig 62) nhich give the de»^ 
pressure by adjustment to the third valvo knob The time rwjui 
for heating up to the desired temperature and the tune for cooling 
down IS not calculated m the 6o minutes After cooling the 
of each tubo arc extracted with 10 ml of chlorofoiro each, ihaki^ 
vigorously Approximattlj 1 Gm of kaolin la added toai^di u 
to absorb the water, the tubo is again shaken and the 
tthowed to settle If the supernatant liquid is still cloudy , it ftgo^ 
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shaken, and filtered (Whatmnn 42 diameter 7 cm) Five ml of 
filtrate are tnmaforred to teet tubes beonng a mark at 12 ml (diame- 
ter 10-18 mm length 100 mm ) The chloroform is evaporated 
from a hot water bath (an open flame is to be avoided as phoegeno 
formation nill interfere with the determination) The last traces of 
chlorofoim are rcmo\ cd with a water pump (fig 50) the tubes bemg 
placed mto hot water danng the procedure To each tube is now 
added 1 ml of absolute alcohol and oil tubes aro immersed m a hot 
Mater bath for a short penod of tone to dissolve the residue Now 
each tube iecci\’C8 3 ml of digitonm solution (o) and the tubes ore 
ogam placed mto the boding water bath for fi\'e minutes the fl ame 
being remm’cd The tubes are cooled, 2 ml of water of oC’C. are 
added and the tubes aro shaken vigorous!) untd flocculation occurs 
^»ow the tubes are left to stand over night m a cool and dark place 
thev aie then filled up to tho mark with water well mir ed Mith a 
capUlai) pipot and filtorwl (Whatman No 42, diameter 7 cm ) emo 
bemg token that tho rough aide of the filter paper is turned inside. 

One ml of HjSO* (0) is added to 10 ml of ^trato m a Ilagedom 
Jensen tube Tlio filtrate is bydroljTcd for tno hours m a current 
of steam at 102®C or for 3 hours m the Arta pot pressure adjustment 
m the middle between mark 1 and 2 It is recommended to coier 
the tubes Mith small funnels or glass dishes After cooling tho walls 
of the funnels or dishes are nosed mth a small amount of distilled 
water 0 1 ml of phenolphthalom is added snd the hydrol)*8ato neu 
trained with "NaOH (7) "Now o ml of piotajwmm femcjTinido mix 
tore arc added and tho tubes are heated m a boilmg water bath as 
usual After coolmg 2 ml of HCi (ll) and 2 ml of ime sulfate- 
potn-^sium iodide solution (10) w added and the hlxiiated lodme is 
titrated with \/200 soihinn thiosulfate starch bemg ii‘^e<I as mdi 
cator 

Calculation 

Thiobulfato lequiicd bj the samplo mmus thiosulfate required b) 
the blank multipbed by 116 (empiiicall) dotermmed factor) gives 
mg per cent cholesterol (table 22) 

^ith this metliod and using 0.2 ml of Mholo blood serum or 
plasma cholesterol atUucs up to 500 mg per cent can bo determmed 
If higher ^ nines nre expected 0 1 ml of sample !■* anal\Tted 
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Example 

thioaxilfato used op by tbo uunple 3 39 ml 

iMoaalfate u*od op by th« blimk 1 06 ml 


difference 2 31 ml 

2 81 ml X 115 * 206 6 ing per cent cboletterol 

Determxnalion of Fret CkoiaieivI'^ 

Principle of the method The total Lpids of blood ore extracted with 
alcohol-ether the extract la evaporated to drjTieaa on a water bath, 
tbo re-iidue la made alkaline and the free cholesterol is extracted with 
chloroform Then the free cholesterol a precipitated with digitomn 
(sec detcrminabon of total cholesterol) the excess digitoam a hy 
droljied to heioeee and the hexoses ore determmed according to the 
method of Fujita Akiji and Danio Iwatake 

Reoffentt 

(1) alcohol-ether mccture 3 parts of 9o per cent alcohol era mixed 
TMth 1 part of ether Both solvents must be redistilled before use 
(fig 49) 

(2) 2 per cent ^aOH 

(3) Qm} per cent sodnim sulfate bolution 

UI other reagents see determination of total cholesterol p 300 
Proccduic 

The loquired number of test tubes plus 3 tubes for blank runs are 
filled with j ml of alcohol-ether mixture (1) each With an exactly 
cahbrated capDbry pipet 0^ ml of serum (plasma or whole blood) 
18 meosiirwl out The outside of the pipet is carefully wiped and the 
blood 1 ^ added gradually and with shaking of the tube to the alcohol 
ether mixture The pipet is blown out to remove the last traces of 
sample Tbo tubes are immersed m boiling irater until the nuxturo 
bcgiQ^ to Ixiil and l>oiling contmued for 30 seconds with constant 
ihakuig Vftor cooling to room temporoture it is filteiod into wide 
test tulic^ equipped with ground gloss stoppers (boo total cholesterol) 
As filter ‘^ives a plug of cotton, from which all fot has been removed 
bv reflu'nng for several hours with Oo per cent alcohol (boxhlet) The 
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tubes are rinsed 3 times uith a feir ml of alcohol-ether mixture and 
the washings arc also filtered The aoh ent is rcmo\’ed from a utter 
bath, which is hcoted to boil It is eiaporated to drvness and 
the last traces of soUent arc removed \\^th a water pump (fig oO) 
Is cm the tubes arc placed into a warm ^^ate^ bath (approximatelv 
00“C ) for sov eral minutes To the worm tubes 0^ ml of 2 per cent 
'SaOn IS added and the} arc ogam wormed up m the water bath for 
a few seconds. After coolmg the residue is extracted with 10 ml of 
chloroform ahakmg for one minute, each tube recei\ es 1 Gol of kaolin 
to absorb the wafer It is agom ahohen vigorousl} and filter^ 
(TMiatman "No -12, diameter 7 cm ) Jive milliliters of filtrate aie 
transferred to test tubes, bearing a mark at 12 ml The chloroform 
13 rcmo\ cd from a hot w ater bath (an open flame has to be a^■ 0 H^ed 
to prevent phosgene formation which will interfere with the deter 
mination) Th^ lost traces of chloroform ore removed with suctico 
on a ^ratcr pump the tubes being iramersod in hot water to ^)oed up 
the removal of solvent The residue la dissolved m 1 ml of absolute 
alcohol and all tubes are placed into the hot wnter both for a ahest 
time for complete solution Each tube receives 3 ml of digitonin 
solution and the tubes are immedintol} placed into a boihng water 
bath from which the flame has been removed After coolmg dovm 
to body terapemturc the cholcstcrol-digitonKlo i? precipitated with 
2 mh of water of 50*C The tubes are best left ov’er night in a cool 
and dark place Then they are filled up to the mark with Oj per 
cent sodium sulfate solution thej are wrll nuxed and filtered, care 
being token that the rough aide of the filter paper is turned ^ 
inside fWhatraan No 42 ) One ml of -iO per cent HjSOj ^ 
to 10 ml of filtrate, the procedure is contmued as described for t 
determination of total cholesterol 

Calculation 

Thiosulfate usotl up by the somplo minus thiosulfate used up bv* 
the blank multiphed b} llo (empincalJ} determined factor) give^ 
free cholesterol m mg per cent Total cholesterol — free cholestcro 
-■ cholesterol-esters. 
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Example 

thlo«ulfate ased ap by tbe sampla 2 27 m] 

thjoaidfate aaod op by tbe blaak 1 00 ml 


difference 

free eholcvttrol eoDtent 
total choleaiarot (aco p 906) 


1 18 ml X 116 - 
186 7 juf per cent 
286 8 mg per cent 


cholesterol cetera 


129 0 mg per cent 


TiTRurETRic Direct Oxtda^itvt DETERiHAATiov or Totvl 
Cholestltiol'* 

Pnnapif of the method The mmple is hydroljicd ttith sodium 
cthjlate m tho Arta pot at 3 otin prermre and after cooling is ex 
tracted in alLrdtne medium mth cUoroform-petroIeum ether The 
extract is concentrated and tho residue orjtlued m the heat inth 
sulfunc ocid potassium dicbromate In tho presence of cenc sulfate 
as cotsJ^ The excess of unchanged potassium dicbromato is de- 
temuDed lodometncalli 

PeafffTUa 

(1) sodium cthtlnto eohition 1 Cm of metallic eodium is dia- 
sohed in 50 ml of absolute alcohol This reagent \nli keep o\-er a 
penod of time a hen stored in a cool and dark place '\\'hen it turns 
jdlow it must bo clmraidcd 

(2) 10 per cent ehrotnic sulfate solution 

(3) cenc sulfate-potaasmm dichromate reagent lol ml of nator 
arc nddeil to ml erf \ /I potawmun dlchromate solution and 0 Gm 
of cenc sulfate are su>>pciKled in the solution The suspension is 
dix»ol\*ed bj carefully adding 314 ml of concentrated H1SO4 

(4) petroleum ether (bp 40-00 C) tho petroleum ether must bo 
redistilled it is w-sshed luth coocentnited H1SO4 before tbe second 
distillation 

(5) chloroform redistilled 

(0) N/40 sodium thiosulfate eolation 

(7) 10 per cent potassium lodido eolutioii, freshly prepared 

(8) 0J25 per cent starch solution 

jUI glass^raro used must bo freed from fat and grease by sooiong 
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m chromic acid sulfunc aad for 24 hours, foUovred b> rmsmg and 
thorough drying 

Procedure 

The required niunbor of test tubes (length 15-10 cm dism 2 cm.) 
mth ground glass etoppere ore filled mth 0.2 ml of ivater To tha 
IS added 0 2 ml of uhole blood or senun, measured iiith an emctl) 
calibrated pipot and 2 ml of sodium othj late (1) is added An alter 
nate method is to add the blood or eenira directlj to tho sodium ethyl 
ato solution, which has been placed into tho test tubes (If this 
method IS used, 0 2 ml of 0.86 per cent sodium chloride solution a 
added to the tubes representing the blank runs ) For each senes of 
analj’soa 2 or 3 blank runs must be added which are heated in the 
same manner ns described for the aamplcs- All tubes are placed into 
a metal rack and heated m tho Arta pot for fift} five minutes- The 
desired temperature is reached by adjusting the lolie knob to the 
mnrk 3 Tho time required for heating up to the desired temperature 
and the tune required for cooling down is not calculated m the hftv 
fi>e mmutes After tho tubes ha\*e been remcned from the pot, each 
tube receiiTS 0J2 ml of chromic sulfate solution (2) and the eaiten^ 
are well miTcd (for serum onlv) After the addition of 2.6 ml of 
chloroform (5) tho tufies ore ngorouslj shaken for four mmute*. 
Non 10 ml of petroleum ether (4) are added and after stoppenug 
the tubes ti^tl} they are again shaken for four minutes Six 
maj bo shaken simultaneousl\ Non the tubes ore placed into e 
rack and immerBed m cold water for the separation of the two layers. 
Ten ml of chloroform petroleum ether laj'er are transferred to w 
Erlenmoj’er fliwk and tho solvents are evaporated from a ^ 

until a small amount of residue remains The last traces of 
are removed b^ a water pump, using a bell os shown in figure 30, 
flask bemg immerecd m hot water during the process. 
must bo taken to remove all solvent To the residue 5 ml 
sulfate-potaasiiim dichromate reagent 0) are added and tlrt 
are cenered with a wmrtll beaker The oxydation is performed in 
oven at 120°C over a penod of twentv mmutes 
60 ml of tap water are added to the hot flasks \fter 
of KI solution (7) are added and the bbomted lodme is ^ 

thiosulfate (0) till j'cllow and after the addition of s few reps 
starch tho titration is continued till a pale green color appears 
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Thjoeulfate required bj the blank minus thioeulfate required by 
the sample multiplied by 39 7 gives cholesterol content of the sample 
m mg per cent From the reaction equation 

CnHaOH + 70O-27CO, + 23H,O 
(cholesterol) 

It may be seen that 1 ml of N/40 sodium thiosulfate corresponds 
380^7 , . . , „ . 


152 X 40 X 1000 


' 0 0C35 mg of cholesterol For the analysis 


0J2 ml of blood was diluted to a volume of 12^ ml 10 ml of this 

02 X 10 

dflution, correspondingtoO 10 ml ofstartmgmatenal — — was 

Qxydiicd with dichromate. If the cholesterol content of the sample 
In 100 ml of material is to be calculated, the number of ml dichro- 
mate used (drfiFerence of thiosulfate between blank and sample) is 
multipUed by the factor 0 0035 dindod by 0 10 and multiplied 
by 100 Consequently 1 mi of >1/40 thicaulfato conwponds to 
0 0036 X 100 

Q jQ = 30 7 mg per cent cholesterol (table 23) 


tUosolfato osed ap b> tbo blaok 
tUcaolfsto a>ed op by tb« sample 


differeneo fl 0 ml 

6 0 ml X 39 7 -■ 373i) mg per eeat total cboleaterol 

The tTducs found by this method agree ncll with the lalucs found 
liy the digjtonm method 

Vsmg 0 2 ml of whole blood or scrum this method permits the 
estimation of a cholesterol content up to GOO mg per cent If higher 
'olues on? CApoefed 0 I ml of sample arc onalyicd 

The total cholesterol content of scrum or uholo blood topics bo- 
tiieen 1-10-200 mg per cent 

Tlic content of cholestcrol-csicnj in K'rum or plasma in normal 
persons m 00-70 per cent of the total cholesterol the re^t is free choles- 
terol Tbo determination of free cholesterol i^ best done m scrum 
as the red ccU^ contain almost only free cholesterol therefore the 
nuctuatioos of free cholesterol in serum arc not noted oh distinrllt 
^lien nholc blood n usxl for the €*~llmation 



310 MlCnCKinailCAL ItlTirOIW ULOOD iVD f i^luiinatiovs 


nypeicliolchtcrolcmia fmiml jn 
(1) dialxtcs mcllitiLS dunng nntumliy occumng ns ■u-cU ns dui 
in^ oxpcnmental dmbolcs the cholesterol Ic\"ci rises (up to 1000 mg. 
per rent) L ndor the influence of losuhn the cholesterol level rapjdlj 
returns to normnl together \iith a return to normal of tlio glucose 
A drop of glucose witliQUt n wmiiltnncoufl drop in cholesterol is to bo 
regarded as clinicoUj unfa\omblc 

{2) Jipid nophrwjh \alue8 of o00-700 mg per cent arc not rare. 
Tlu inrmiH? is matnU in the eholcstorol'e^cr fmclion 


Tablt 23 


Ml N/40 NajHiOj — mg per eonl choJwierot 
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(3) glomcrulo nephritis occasionally an increaflctl choleatorol 

may in. found m this disease , 

(4) pregnancy during tlio entire penod of pregnancy the eh 
torol level is higli it returns to normal opproximatcly three 
post partum 

( )) fioforo menstruation 

(0; arterKAolcrosis 

(7) Schuellor-Chnstian « disease mercaso mainlv m the ester 
tion 
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(8) cirrhosifl of the luTr lixpercholesterolemia mth maximal m 
cret«c of free cholesterol 

(9) morbus Gauchen 

(10) pick Nieman b disease 

(11) myxedema (especially of children) 

(12) eenile cataract 

(13) celiac disease of chQdren 
tl4) psoriasis 

Ih-pocholesterokmia la found in 

(1) pernicious anemia 

(2) hemolytic jaundice 

(3) acute luTr disease 

(4) starv'atioQ 

(5) acute Infectious diseases 

(Q) hyperthyroKiuTO 

(7) coDgeatii’e heart failure 

(8) coronary artery thrombosis 

(9) schlfophrema 

(10) acute pancreatitis 

Dettrmtnation of Uxb-^tubvted Fvm Aans op rnE lont'CE 

NtTMBEB'* 

DtlcrmxnaUon of C/naa/i<ro/rti Fatfy iads 
PnnapJe of (he mdhod The analytical samplo (scrum uiiolo blood 
tissue) IS hydroU »cd with sodium ctli' Into m the Arta jiot at 3 atm 
piwure T|io interfering cholesterol is removed m alkaline medium 
and nftcr ocldiGention the total fatty acids (saturated and unvitu 
rated) arc extracted \rlth chloroform and petroleum ether Tho 
extract Is concentratw! tlic rrsWuo token up in glacial arctic ocid 
and the fatty acids are Kituratcd aecordmg to Rosemund and Kulm 
lienn'* by the addition of bromine-pyrKiinc sulfate Tlir cxcc*^ bro- 
mmc-piTKlmc sulfate is detertnincd ioiIomrtncalJ\ 

Rraymtt 

(1) Mxlmm ethilnte rolution 1 Gm of metallic waditim is di oil 
ill 4) ml of qleolutc alcohol nith cooling Tin-, reagent «ill keep 
incr a period of time it rau^i lie discnnleil when U turns yellow 

(2) chloroform nsli lillosl (fig 49) 
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(3) petroleum ether (b p -10-00*0) the petroleum ether must be 
redistilled It is washed ^nth concentrated sulfunc acid before the 
second distillation rece fig 61) 

(4) sulfunc acid, 1 part of concentrated HiSOi is poured mto 3 
parts of a 10 per cent solution of sodium sulfate 

Reagents (1) and (4) must be compared as foDows One drop of 
phcnolphthaJein solution is added to 2 ml of freshly prepared sodium 
ethjlate solution (1) and using a serological pipet (fig 4) the amoont 
of Bulfunc ecid (4) la determined which « necessarj to neutraliia 
(decolonxe) the cthjlate solution For the subsequent anaJjsa a 
10-15 per cent excess of acid is used 

(5) bromme-p3Tidino reagent (n) 1 0 ml of pyndme (purest grade, 
Merck) IS dissoKed m 10 ml of glacial acetic acid 

b 1 1 ml of concentrated H*SOi is added to 10 ml of glaaal 
ac\d 

c 0 5 ml of bromine is dissohed m 10 ml of glacial acetic aad 
All eoluticma are prepared mth icc coolmg Solutions e) and b) art 
mixed, and solution c) is added last Tht. mixture is made up to 
approximate!) 200 ml mth glacial acetic acid 

(0) lithium bromide reagent 3 percent solution of lithium bnxm^ 

m glacial acetic acid Approximatcl) ono part of (6) and 2 parts of 
(0) arc mrred before use m such e way that 4 ml of the mixture use 
up approximatel) 0-8 ral of N/lOO thiosulfate 

(7) glacial acetic acid 

(8) KI, cryatollme 

(0) 0^ per cent starch solution 

(10) \/100 sodium thiosulfate solution 

Protxdurg 

The required number of test tubes (length 10 cm diameter 2 cm ) 
equipped with ground glass stoppers ore filled with 0^ ml ^ 
foUou^ b) 0 025 ml of serum (see later for a hole blood 
and 2 ml of sodium etliylato solution (1) The tubes ore p 
the Artn pot (fig 63) for hydrolysis and are heated for 65 nil 
at 130 C the necessary preesure is obtained by adjusting 
third val\c knob The time mtervals required for heating^ ^^men' 
and for subsequent coolmg dorni are not mcluded m ^ ^ 

tioned 56 mmutea Care must be taken to beat the pot slo > ri 
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IS filled with cold water The pot uhould not be opened until it has 
completely cooled dofivu, otherwise material may be lost bj spatter 
mg It IS recommended to fit the tubes mto a round metal mck 
boklrag appronmatcly 20 tubes and place this mck mto tlio pot 
The tubes should bo eoi'ercd with a metal hd, i\hich must not touch 
the tubes directly After cooling each tube receutJS 0.8 ml of clUoro- 
form and is well shaken to form on emulsion of sediment and soh ent 
how 10 ml of petroleum ether are odded the tubes arc tightly stop- 
pered and bhnken for sei'eml minutes When tn o lawrs ha\-e formed 
the upper petroleum ether la 3 i.r is removed bj suction with a water 
pump usmg a capillorj with bent tip (sec calcium detcnnmation) 
The loner colored laj-cr is again extracted by shaking mth 0 4 ml of 
chloroform and 6 ml of potroleiun ether and after separation the 
upper lajcr u remmed as described above An additional misJimg 
mth petroleum other alone is performed these wasbings scht to 
rcmOTT} oil cholesterol present m the sample The residue is aetdifiod 
nith the prenousl> determined amount of sulfunc acid (4) and again 
shaken vigoroual) for o minutes with 2-> ml of chloroform and 10 ml 
of petroleum etber ^Vfter tbo two lojtrs ha\T scpamtctl ovactlj 
10 ml of the chloroform petroleum ether lajTr are transferred to an 
Erienmej-er flask It Is recommended especialh during the summer 
sca^ to place the tubes in cold water The sohTnts arccv'aporated 
from a hot plate the last traces arc rcmoiod with a ^vatcr pump (see 
fig 60) the flasks being imroenvil in hot \mtcr during this process 
hoa 6 ml of glacial acetic acid and 4 ml of bromine reagent (o -f 0) 
•re added and 10 minutes later a few ci 3 * 8 tnls of KI oml some water 
(do chlorinated water may bo used if chlorine is pre^nt tlio water 
mu't bo drstflled) are added and the titration performed with \/IO0 
sodium thio'<ul/atc till j cUow Several drops of starch arc then added 
and titration is continued till colorless For the blank determination 
it suffices to titrate a mivtupo of bromino reagent and glacial acetic 
acid fiDce it has boon pivn-ed bj experience that the reagents used 
are free from unsatumicd fatt\ acids 

It IS recommended to clean oU gla^s ware u«o<l In this method with 
cleaning solution 

0\alated blood Is used for the analvsis of whole blood Tbo oxa 
lalcd sample mu I lie diluted with an equal \olumo of di«tille<l water 
to induce liemoU SIS For eacli determination 0 02.» ml of lietnoKzed 
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bIo<xl IS treated as desenbed above for serum The dflution fartor 
has to bo taken into account when calculating the results 
The following method maj be applied for tissues \pproxmiateJy | 
100 rag of material is irci^cd out cut a^fh fine scissora into small 
piecce m the radicated amount of water tho rest of the procedure 
being as described above for serum If it is not desired to remove the 
cholesterol tho extraction m alkalmo medium can be omitted 
TIic calculation is based upon the fact timt the \alue obtained ai 
difference between thiosulfate used up b} tho blank minus thiosulfate 
used up bj tho sample corresponda to the amount of bromme 0-c- 
iodine) combined mth the anal>'tical material One mb of ^/l00 
lodrao solution contoms 1^7 mg of lodmp Four fifths of the ongi- 
mdJj measured amount of 0 02o ml of scrum •= 0^ ml of matcnal 
was uJied for the analj'ais therefore the lluosulfatc difference mult>' 
plwd b^ 1 27 indicates the amount of lodmo used up by 0-> ml of 
scrum If tho calculation la to be earned out for 100 ml , a factor of 
200 must 1)0 applied The amotuit m mg per pent is obtained by 
multiplication of tho tlnosulfale difference b> and bj 200 

Exampif 

thioralfate u»cd op hr tbo blank 
tbioeulfatc a»cd up b> tbo aamplc 

difference 1 20iol 

1 20 ml X 2 j 4 = 304 S gives iodine combining poiver of 100 ml of 
nnaJj'tical matenal 

Determination of Iodine nniber 

Iodine number is the figure which indicates how many gniias of 
iodine corabrao with 100 Gm of fnt Tho hi^er this figure r\^ 
the more unsaturoted is the compound In order to dotenmne a 
iodine number in blood the total fat must be eslunated 

the iodine rombinmg puHcr TTug can be done m a short time 

a relati\eb small lunounf of matcnal when working aa 
under (1) lioth detemimationa can be pcrformcrl m the j 

0 02o mJ of serum The method as mentionetl under (1) is ^uo ^ ^ 
up to the point where the hydrolj’xcil matcnal from the A a P® 
extracted 


7 85 ml 
0 e5nl 
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Instead of 10 ml of chloroform petroleum ether extract (as men 
tioncd before), 0 ml are used for the estimation of iodine combmmg 
poner The factor m this case la 423J instead of 2<>4 therefore 
thiosulfate difference multiplied b^ 423.3 gi\e3 iodine combmmg 
pcmer m mg per cent For the determination of total fat 3 mh of 
extract la transferred to on Erienmeyer flask and treated as foUmrs 
After careful removal of the solvonta first on a hot water bath later 
with a water pump 10 ml of ceno sulfate reagent are added (161 ml 
of water and C Gm of ceno eolfato are added to 35 ml of \/l po- 
tassium di chromate aolution The auspension la brought mto eolu 
tion by the careful addition of 314 ml of concentrated HjSOj The 
oTj-datioo IS allowed to take place m an oven at 120“C for 20 mmutos 
After cooling potassiiun iodide solution and starch (as mdicator) is 
added and it is titrated with N/40 thiomilfate As 3 mL of extract 
correspond to 0 lo mi ofserum the factor 40 OS is applied thioeulfato 
used up for the blank (L) less thiosulfate used up for the sample (V) X 
40 08 « total fat m mg per cent The ai'erage factor of Blood is 
used m the calculation 1 ml of N/40 thiosulfate corresponds to 
0BGd2j mg of lipid It has to be considered that only fV of the 
material ongmall} measured out has been anaJyiod The iodine 
number (I) of blood results from both values as follows 

I “ — ^ — a =“ amount of Iodine taken up by 100 Gm of 

sample b = amount of fattr acids present m 100 Gm of sample 
Example 


a - 0.22S b - 0.214 

0 . 2 !g^X ^00 _ 100 5 ^ lodme number 

0.214 

^\^th referentx' to paragrapli (1) the lodme number con bo ehtimatcd 
with or without cholesterol iocludcd If cholesterol is considered 
anj change of chole^erol fxintcDl will affect the calculation b> appear 
mg m the numerator os nrll as m the denominator Iloweixir the 
figureij Will more or less cancel themselves As this determination 
is tune consnmmg the laborious and not absolutelj ne«awar> choles- 
terol extraction may be omitted for practical n?asoafl 
The normal value for unsaturnted fatt^ ncuN is 170-315 mg per 




Chapter X 

Bile Pigments and Liver-Fimction Tests 

Deteiuiinatiox op Bilirttbln' 

Principle of the method If a dioiotized sulfonflic acid (Ehriich s 
dmio reagent) is combined mth bOmibio a red color re*ult8 the m 
tensity of which is proportional to the amount of bflirnbm present 
This coupling reaction of serum may toko place either after precipita 
tioo of the proteins with 05 per cent alcohol (indirect reaction) or 
immediately without addition of alcohol (dnect reaction) and can 
be used clmicallj to distinguish between different forms of jaundice 

(1) dmxo mECture a) diaio I I Gm. of sulfonibc acid is suspended 
m a small amount of water it is dissolved bj the addition of 15 ml of 
fmmng HCl and made up to 1 liter with water 

b) diaxo II 0^ per cent aqueous solution of sodium mtntc it will 
keep only for a short period of time 

^ore use 10 ml of diaio I vs mixed with 0^ mb of diato II 

(2) Oo per cent alcohol 

(3) standard solution 2 10 Gm of pure anhvdrous cobaltic sul 
fate (or 3 92 Gm of cobaltic sulfate X 7 HjO) is dissolved m u-ater 
and made up to 100 ml m a volumotnc flask 

QuaUlatire I}etcrminaiton of Bilirubin {Dired Test) 

Onc-fouJth of a milliliter of serum is placed into each of 2 small test 
tubo^ O^ml of a freshiv prepared dioio-solution IS added to one tube 
and 0^ ml of water to the other If the red color appears within the 
^^*t thirt\ seconds it is called a direct prompt reaction If the color 
appears only after this time latest withm tlie first five minutes it w 
QiHed a direct delaj'ed reaction It » understood that all sem nhich 
•hem Q direct reaction — prompt or dela^•ed — ^lU show on indirect 
reaction immediate]} after the addition of alcohol The qualitatnc 
te4t for indirect reaction Is performed m the same maimer as the 
9Uantitath-e estimation colonroctnc comparison and centnfugatioa 
hciDK omitted 


31 * 



318 jncnocHEincAL inrrHODS blood and C£ t KtAinNAnoifB 


Quanitiaiive Mtcro- and Semiinxero-Deiermtncdxon of Bthntbtn 
Procedure 

In a small comcal test tube 0 4 ml of Oo per cent alcohol la added to 
0 2 ml of pcnim it i3 well mixed and centrifuged at high speed With 
a capilhm pipet 0^ ml of supernatant is transferred to the cup of a 
Helligc colonmetcr which has been modified by the msertion of a 
glass wedge (see fig 53) Then OOo ml of freshly prepared diaio 
mixture and 0 1 ml of 9o per cent alcohol are added and after fire 
mmutes the colors are compared 




Fio 63 Insert for caps of HclUjce eoloniootcr permitting work inthsnaD 
volamea of bqmd and unehongod thlekncas of layers 

Calculation 

Tlie eerum has been diluted to 3 tunes its original volume, or takmi 
mto account the contraction, to V Tho amount of precipitate 
formed can be neglected as in all deproteinmng processes. One par' 
of this dilution n-as again diluted mtb 1th of its volume of dwm 
reagent and with 1 of its \olumo of alcohol Therefore the 
dilution of the ori ginal serum is -V ^ ^ color intennty 

the cobalt solution corresponds to the mtensitj of a bilirubm dihiboo 
of 1 200 000 This should then correspond to a bilmibm content 
1 200 000 - 0.5 mg m 100 ml of semm given equal thickn^ 
layers (m the colonmetcr) and equal color \ alue Hoi\ e\'er as e ^ 
m the calculation corned out above the scrum bilirubin actn 
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corresponds to 5 times this value XJsmg a Hellige colomnater the 
calculation is done as folloTVB 


Bibrubm content of senim m mg per cent 


100 - y 

100 


X 0^ X 6 - 


100 - j 
100 


X 2^ 


) — coloiinictcr reeding 

0.5 mg of bilirubin in 100 ml of scrum correspond to one bflirubm 
unit according to Hijmans ^ on den Bergh 

The foDorving semi micro method maj be nppbed if more serum 
IS a\ailablo 

Two ml of Oo per cent alcohol (2) are added to 1 ml of serum m a 
small conical test tube it is well mured and centrifuged at high speed 
One ml of clear supernatant is pipetted into the cup of a ITelligo 
colorimeter (see fig 53) After the addition of 0.25 ml of freshly 
prepared dia*o-mivUiro (1) and 0 j> ml of 05 per cent alcohol five 
minutes are allowed to poic then the colors arc campored (If the 
diaio-mcrtiiro ts too acnl the color vnU occasionally change from red 
to a bluish purple In this case a drop of alcoholic ammonia solution 
Is added to produce a red color, similar to that of the standard 
solution ) 


Calculation (see micro-mclliod) 

If a scrum nch in bDirubm is anal^'ied rt must be diluted nith 0A> 
per cent NaCH solution before treatment with nlcoliol the amount of 
dduent added being dependent upon the bibrubin concentration of the 
semm sample If all aiailablc scrum hai already been used the 
contents of the colorimeter cup may be rhlutod u ith a known amount 
of dilute alcohol (1 part of OAj per cent ?saC I + 2 parts of alcohol) 
the dilution factor must be considered m the calculation 


Erampfe 

colorimeter rcadmg -16 

100 - 46 ^ ^ SoX^Jj 

100 ^ " JQO 

■« I.37o mg. per colt bilirubm « 2 75 uiut5 
(sco pimc, fig. 54) 
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This method is only suitable for flora giving a negative direct reao- 
tion All other sera ivill give maccuroto results 

Qualitative and Quantitative Determination of Direct and Indired 
Btlmibin without Deprotnnuation' * 

Principle of the method A citnc acid buffer inth added caffeine and 
urea* la used to keep the proteins in uolubom Thus the loss d bOi 
rubm adhering to the precipitate is avoided and the “mdirect” bib- 
rubm IS rendered reactive The mixturo has the additional advantage 
that the colors are developed at a constant pH, thus ehmmstmg any 
variations m the colors which maj anso because of the mdicator na 
ture of the dj’e substance formed by the diaxo reaction 
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Peaffente 

(1) diaio mrrturo 

(a) dioxo I One gram of Bulfanibo acid is suspended in a h 
water and dissolved bj the addition of 15 ml of fuming HCl Water 
ifl added to 1000 ml 

(b^ diaio n A 0^ per cent solution of sodium mtnte 
solution must bo kept on ice It keeps only a limited time and m 
be renewed when the dia»o dve obtamed with bihrubm has ^ ^ , 

tmge To prepare fresh reagent mix 10 ml of diaio I with 0 0 
dinio n 

(2) buffer solution 

(a) buffer solution for total bilirubin 16 0 Gm citnc acid 

6 0 Gm sodium citrate 
tribasic 

6 0 Gm. pure caffeine 
24 0 Gm urea (pure) 
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AD above mentioned reagentB are dissolved m 60 ml of water m a 
warm water bath (till 60^C ), cooled and water is added to 100 ml 
This aolution keeps weD 

(b) buffer solation for direct bOinibrn 24 Gm urea (pure) 

0 9 Gm KHiP 04 (potas- 
saim-monopbosphate) 
18 m/15 Hiiro* phos- 

phoric acid 

are diaeoI\-ed and distilled water added up to 100 ml 

(3) standard aolution 2 10 g purest anhydrous cobalt sulfate (or 
3 92 g X 7 HjO) are diasolv ed In water and fiDed up to 100 mb m a 
measuring final. 

(4) normal bibrubin-free serum is dfluted 1 5 with reagent 1(a) 
(one part serum and four parts diaso I) 

Pneedwe 

One-half of a miMiter of pure serum is placed m a test tube 0 25 
ml of freshly prepared diaso-rcagent (1) is added and observed to 
determine whether a color develops within fix*© mmutos FinaDj 
I 76 ml of bilrrubm buffer mlxturo (2a) are added Depending 
upon the bilirubm concentration a red color denrelops either at once 
or at the latest after fifteen mmates * 

In the direct reaction (direct bilirubin) the color change occurs after 
diasotumg onlj In the indirect reaction fmdirect bilirubm) a red 
color appears onlj after the addition of the bilirubin buffer mixture 
When the mtensity of the color haw reached its mRnmTim which as 
stated takes place at the ^ ery latest after fifteen mmutes, the material 
examined is poured mto the cup of an Helhge colorimeter and com 
pared with the standard 

Serum especiallj nch in bllmibin the color mtensrtj of which sur 
passes that of the standard solution must be diluted either before 
diaxotixing with pbjTriologic salt solution or after dioioUxmg inth 
buffer solution 2a "Die degree of dilution must bo considered in the 
calculation 

^*ben the bilirubm content of the serum is lo^\ (below 2^ mg 
per cent) there is a difference m the shade of the color m the cdonm 
cter so that at times a comparison of the solutions becomes impos- 

InbemUtary bemoIjliojauDdice scop 324 
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sible This, hoTVorer, may bo remedied m tbo foUomng mfljiner 
The ground glass \nndo\v at tho back of tlie ITelJige colorimeter a 
removed and tho apporatos presented in figure 55 is introduced m its 
place This consists of a metal fmrao at tho liacK of u hich tho ground 
glass wmdow of tho colonmettr is inserted Into this frame, just 



behind tho standard another cup is placed Into this cup t 
serum as reagent (4) is poured This solution serving 
neutralues tho difference m color betTveen the stands 
unknown 

Even with the uao of this filter the shade of color may 
tions towards the red or yellow signifying that the serum ^ 

was protem rich (a yellow tmge) or protein poor (a red tinge 
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this case tiie protom solution filter must be diluted 1 4orl 8 depend 
mg upon tbo cnso 

In general the simple apparatus desenbed aboie will suffice If 
however semi examinstiora ore undertaken it b best to replace the 



Flo S6 Olua wed(0 for bUlrubvn delcrmuuition 


^li^uiber for the filter with a mo\Tflblo hollow glass v> edge Into this 
a serum dDiited 13 m placed (fig 50) IJy manipulating the filter 
the color tone of each serum is adjusted and then with the 
^tsndard wedge the color intensity Is determmed The determination 
bo earned out with less scnim ei*cn 0 1 ml if necessary but pro- 
r>oiticniaIly wnaller quantities of tho other reagents must be used 
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CaJadatwn 

mg per cent bihrubm — — l i b ^ ^ being the number read 

oiT on the coloninetcr scale 

It may be of interest to dctormino the direct bilirubin quantita 
lively m cnscs ^\ hero both, direct and mdircct bilinibin ore present in 
the same eemm 

Utfunllj in finding a positno direct reaction, tlio amount of mdiroct 
bilmibm which may bo present os well, Is neglected and the mg per 
cent bilmibm gi\on as result includes both kind of bihrubm To 
meuflurc the direct bilirubin onl>, instead of bufTor solutioo 2a after 
dioTOtifing tlie serum, tho samo amount (1 76 ml ) of buffer soJutioa 
2b is added This buffer does not contain any compound with aJeo- 
bohe groups thus prc\ cnting the do\ elopment of the indirect bflinibm 
Tins buffer solution 2b fulfills the same task of keepmg the dimo dje 
at a constant pll, which enables and sunplifies colonmetrj hi 
cases of a dutfct positive reaction two tests are run one with buHcr 
2a and one with buffer 2b The result obtained after subtracting 
sample 2 from the total amount of bflirubm gim tho amount of m 
direct bilmibm present in the semm 

Excunple 

6 7 rag per cent total bilmtbin 
mg per cent direct bilmibm 

2 5 mg per cent indirect biUrubm 

Higli indirect bilirubin values arc encountered in eases of hcredibiry 
hcmoI> tic jaundice Tlio color develops very slowly and oven after 
one hour values have been found which seemed too low consiacnng 
tlio intcnso yellow color of the scrum nnal^ictl In these rare 
Bions it IB necessnrj to select a dioio raixturo containing tbo dew 
amount of NoNOj le ml of diaio II for cadi 10 ml of thaw 
Using this muTturc tho indirect color dovolopment after additioo 
buffer 18 mpid exact and quantitatlvo . 

However this diaio mixture con not bo gcnorall> 
cause tho difference between direct and Indirect bnmibln bocorntf 
indistinct With this diaxo mixturo direct negatrvo bihrubm 
give a direct positive reaction jnstont 

In normal borum tho bilimbin vanes between traces and 0^ 
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the^most 0 75 mg per cent (l-lj units) 0^ mg correspond to one 
bfllnibmumt according to H vandenBcr^ 

A direct prompt reaction together with elei’ated mdirect values is 
found m all cases of obstructive jaundice A direct delayed reaction 
13 encountered m early stages of obstructive jaundice m tone hepa 
titls catarrhal jaundice acute yellow atrophj of the liver phosphorus 
— and chlonrfonn poisoning An increase in bfljrubm m the indirect 
reaction with negative direct bllmibm is noted m hemoliiic jaundice 
XANTHOCHROUE SPINAL FLUIT) 

During hemorrhages especially m cases of subdural or subarachnoid 
bemonhages the blood pigment is converted to a yellow pigment 
identical with or closely related to bilirubin ginng a po<iti\c ^'an den 
Berjh reaction. 

A jellow tmt is common m pathologic 6uids e g in menmgitis of all 
kinds m cerebral or meningeal hemorrhage m cerebral thrombo«is m 
cerebral or spmal tumors, and In polymetintis. In reccntjaundicetho 
flutd i« rarclv vellow but may become tinged m long-standing cases 
In fresh hemorrhages or m blcedmg during rpmal taps the spinal 
fluid appears white after ccntnfugmg and the van den Bergh reaction 
IS negative 

Theeaamlnntian of spinal fluid is carried out as described for scrum 
Liver Functton Tests 

The bilirubm content of blood alone docs not offer suflicient infor 
niation about the state of the li\cr, li\-er function being of a most 
MTOpla nature One liver function test in itself docs not gi\-e enough 
lodicaticra about the kind and degree of Ii\-or damage present Tliere- 
forp it seems dcsiniblc to perform seierni U\'er function tc«ts Fruc 
to>e galactose and dioTvaeetooe tolerance tests giic certain lodi 
cations of a disturbance in the coriiohidratc metobolum (sec pp 
2ti2-7I) Tbc hippunc aod svnlliesis test fuml hes information 
about the amino acid metabolism (p 330) and the Taknta Vrn tot 
formalin test and to a certam extent tbcccplmlin-chole^terol floccula 
tion test 0>elow) throw some light upon the protein mctaboli m 
(/) CcpAo/ra-CAofct/mrf Floeculalion Test 
U) \erording io Hanger* ‘ 

(a) Preparation of ccphfllm 

Sit hundred grams of fresh sheeps brain oro minced by pa.‘‘«ing 
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through fl meat chopper and deh3'dnited bj letting staiHl overnjgbt 
with 1200 ml of acetone This process is repeated 3 times. The 
bmin li filtere<l with suction and allowed to drj m open air over m^t 
whereupon it is powdered and extracted with 300 ml of ether m t 
So\hlct The ether solution is c\aporated without filtration to a 
Aolume of 100 ml poured into 4 tolumes of absolute alcohol and 
kept on ice for 3-4 hours 

The extract is centnfuged and the rcsuhie dis^h e<l m the minmal 
amount of ether and chilled on ice to precipitate impurities of cerchro- 
Bides The mature IS again centnfugwl the supernatant fluid ponied 
into 4 ^ oluracs of alxilutc alcohol, centnfuged the residue is washed 
with alcohol and then with acetone and is kept in a desiccator over 
anh\*drous calcium chlondc The jcUow substance is ground in a 
mortar and kept in n test tube over onh^d^ous CaClj 

(b) Preparation of cephalm-choleslerol emulsion * 

V stock solution 18 prepared bj dissolving 100 mg of ^beep’s bnm 
ceplialm and 300 mg of cholesterol m 8 ml of ether (Squibb s auff- 
fhcsia) Tins solution am be kept man} months without detencm- 
tion ID a nell-Atoppored cootoincr \d emiiL^icai of a cepbalm 
cholesterol complex mn} be prepared b} nddmg (slcmd} and 
stimngj 1 ml of the stock ether solution to 3o ml of freshly disdlkd 
water of 0o-70\ and then heating alow!} toboilmg 

Tlie mixture IS allowied to simmer until the final volome g redueed to 
30 ml During the heating, qU coar«e granular clumps are dispersed 
to a stable milk} translucent emulsion and oil traces of ethw ait 
dnien off vVftcr cooling to room temperature the prepctatioa is 
read} for testing 

Procedure 

One half of a milliliter of the emulsion is added to a test tute (prtf 
erably a centrifuge tube) containing 0 1 ml of the patient s 
diluted with 2 ml of normal (0A> per cent) saline After thorewgn 
slinking and stoppering w^th cotton the tube is allowed to 
disturbed at room temperature and obscrration a made ^ 

twent-v four hours and fort) -eight hours ns to the amount 
tion and precipitation that has taken place ^^th normal 


Supplied bj- Difeo Co or bj" Wilwn 4 Co 



FtcarcNTS vxp inirU'nNCiioN 

«ga cb* eCTrWtt recjua* jtab^fhocacywvXN u<x>,v\ lut ¥»iU\ 
sea £rv:>Es paamts wi;h di5use htpatito the ria^ tt.'tvvl tv 

£xois e a=d p’ecip tate to the N>{tom v'f thv tuK 

\ reachOQ ctdicate* a cvnuphU pn.\ij ktiN tlu 

«apemajm Equal ^ter clear Cravluatuvc' el tht le^rtu’tt K twn u 
cc^ativeand +-^-i--^arrde<ipnate\lmtenu'»i>f -f h atul ( 1 t 
"No te«t *houId be repaidcd &t nepatm untd forl\H4.ht hv^^ttv luave 
elapsed without flocculAtioo 

Few precantions are neeci^jan The Rmm ►Itvaild pn^futvliv I'v' 
fre'h or pre<er\Td at icc box tcmpentun ITaMiw i»w\ nlM' In* iw'vl 
but the preeence of vanous anticoapitauti* cr\*att‘j» mi(s«itu»llsbK‘ 
uncertainties The lipoid crmihuon if pn'ix rl\ pnjunrevl rtiimlu’* 
stable for IIlan^ dars but compamble naqilt:* rau U i s|M*ctiHl ouK b\ 
measurmg aecuratch the \-arioo* mgmla nta uml hi uiiplin luft onh 
carefully washed plas^ are 

Traces of hea\'% metaU or stronc acliN tm\ p\p In riroiiriHis 
positive flocculation 

At times tbo stock solutlonuill funiisli & mtlirr lahllr i iniilHiun In 
tha case the omulslou must l»e testtal ns folUmH Tlim ti-st tnln's urn 
filled withflml onch (if cnuiUlou 0/iml 1ml or2ml of(lhlill<slufit(r 
B added to thodifTou nt (uliesnmlllirhOvnnoiiB(liliillfniHnrT aildHllon 
senes of normal (iiid jui'ltHe scin 1 or tlio iijml>'HiH tlu diliilioo n 
used tvhicli doca not (nu«r (locrtilallon of llu noRnt"' afKr 
twenty four or foilv riKid Ihhiis iitid uldrli k1v( i n dctir ml flocmla 
tioo in tbo positive o#jp« 

(^) iecortliny In KriinliiifUili^ 

UngfrUn 

(1) alknhne sufit'K f-fitlllUHl (II f*p< IfUl t^nl I 

(2) w-phnlio fifhl ttUllfi/H 

(3) rcphulro t},/U U f/d UHllI Pdt 

(0 Hhvl 'd ! ft I 

Alkaline o.ft/,/ lUihitit M//tm #(# '/fliKIHt d(l(./ld( U \t j nn 
plwfd in a //// hlnihmv lU \ uml lU I// rdurti/ 2-d ml 

ofdi<fi|[<-d I I / Hit ft! fl/l^hlttlUllli \i\iilli\Vii nti ndd'd 

tiffO/ 1*1 thr^ fit I ill' *1 niff fill I li v 1 11 hli^l rUnnf in 
iherdf^gt^f < u/t lUhi i( ih ^Uu iii,i }H 1,1 l,t illtnl ifh 
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0.55 to 0 0 ml of 0 01 Is sulfuncncid using phenolphthalem indicator 
The nlknUnit> should be checked every two iv'eeka) 

Preparation of stock cephalm ether solution exactly 6 ml of ethvl 
other (reagent) are placed into the vial of cepholin-cholesterol antigen 
os supphed by Difco Co or 8 ml of ether to a vial supplied by Wilsoo 
6. Co stoppered and shaken well until the antigen dissolves. This 
stock solution remains stable for a long time at room temperature 
Preparation of ccphalm-choleatcrol emulsion 35 ml of freshly dis- 
tilled nater ore placed m a 100 ml beaker and n armed to about 45® 
or 50 C One ml of the nhovo stock solution is added slowly wh3e 
stimng mth the same pipet The emulsion is slowlj e\ aporatcd to a 
volume of 30 ml or slightl} less on an electric hot plate at aboot 
SS-OS^C Dunng evaporation the emulsion is stirred occasionally 
with a thin gjnss rod The beaker is then covered with a watch 
glass and the emulsion is brou^t just to the boilmg pomt, and al- 
lowed to Bimmor for 1-2 minutea on the hot plate The emulsion “ 
poured mto a 50 ml graduated cylinder cooled and if necesarj made 
up to 30 ml with distilled water 


Proeedurt 

One ml of the alkaline snUne solution is placed in a 
Now 0 02 ml of blood is drawn from the mdex finger (as for bloal 
hemoglobm) The finger and lancet must be dry free from 
hoi For each determination a well washed micropipet* is used, 
tip of the pipet 18 wiped with absorbent cotton and the blood ^ 
from the pipet mto the tube containing the saline The ^ 
rinsed ivith the same salme Tho blood is immediately imx T 
tappmg the tube against the palm of the hand (to prevent clotting 
The tube is centrifuged and the supernatant is dramed into 
centrifuge tube where exactly 0 1 ml of working cephalm-c^ 
emulsion is added and mixed by tappmg the tube os above descri 
The tube is then stoppered with a rubber stopper The ^ 
should not be mixed by mverting the tube Two controls wit ^ 
positive and negative sera are prepared (the eeni are kept or 
purpose m the refngerator) ^ ^ 

Readings are made in twenty four and forty -eight hours ago 

* It is recommended to uw a pipet faahioned from a therroaroeter c*p31*f7 
It Berve* as a lens and facdltate* reading 



BILE PKniENTS AND UVEH imCTION TESTS 


329 


black background fla /oUorra Negntne (—) no flocculation Plus 
mmufl (+--), '*ery Blight flocculation. One plus (+) sb^t floccula 
tion i\ith turbid supernatant fluid Two plus (++), flocculation 
with slight turbidi^ of hgmd. Two phis minus — ), floccula 

tion as abo^ e but with sbgjitlj greater turbidity Three plus (+ ++), 
heovy flocculation with ^ery slight turbidity of fluid Four phis 
(++++), heavj and complete flocculoticai with water-clear super 
natantflmd 

If serum is used for the analysiB 0 02 ml of serum and 0 1 ml 
of cephahn h added to 1 mL of alkalmo saline solution. Centnfaga 
tarn is omitted and the remainder of the procedure and reading is per 
formed aa described for whole blood 

(If) Formahn FfoccuZoficm TesT 

This test was ongumlly described by Akashi for malana How 
ever, in checking these expenments it c^d bo demcmat rated that the 
reaction was pootire only in such cases of malana n here the rctieolo- 
endothelial system had been disturbed (enlarged li\er and spleen) 
In uncompheated malaria cases tbo test ^tib generally negative A 
positive reaction was also found m cinbcwis of the bMir and m severe 
cases of jatnubee Therefore, the positn-e rcsaction mdicatcs liver 
damage, as soon as the lu er returns to a normal state of health the 
reaction becomes negativ'e AVith few exceptions the results of this 
test run parallel with the results of the cephaJm feat 

Htogenis 

Threo-tentbs per cent formalin solution This solution must bo 
freshly prepared for each test by dilutmg OJ ml of 40 per cent for 
malm to 100 ml with redistilled water 

Procedure 

One ml of formalm solution is added to 0.2 ml of scrum The 
mature is shaken and allo«-ed to stand at room temperature for 
two hours and centrifuged A flaks appearance on examination With 
a lens indicates a positue reaction A strong nmctioa is seen with 
the naked evo after a fen minutes 

'l^nlj-actordinKto Mjuhl J M V Fonno*» IWl Jolj 19t0 No 7 
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{III) Ihppune Aetd f^ytUhens Tai* • {Mtcn>-Meihod) 

Quick Ima observed that the hourly rate of oxcrotion of hippanc 
acid m normal pcTBons following the ingestion of sodnim bonioate b 
rcmarkablj constant wlulo m certain typos of diseoso of tho h\cr it b 
markedly reduced This reaction is due pnoianl> to the diminahed 
capacity of the liver to eyntheaire ammo-ocotic acid and m part to 
damage of the ensymutic mcclianiam nhicli unites bcnioic acid mth 
amino-acotio acid Tho output of hippunc acid after the ingestion of 
benioic acid is considered a measure of the hver^s capacitv to furmdi 
amino-acctic acid and an mdex of its detoxifying power 

Froceditrt 

One hour after a light breakfast of coffee and toast the patient is 
giv'en 6 Gm of Bodmm benioato ihssolved m 30 ml of water, prefer 
ablj flavored vnth oil of popperramt This is followed by one-half 
gloss of water Immeduitoly after taking the drug the patient void.., 
and then he collocta complete specimens of unne hourly for fourhours- 
Should tho onalyaiB bo delayed more than ton hours the sample* 
preserved with toluoue 

JUagenU 

(1) 0 1 per cent alcoholic tropoolino solution or congo paper 

(3)Naacp 

(3) 18 per cent IICl (one part of cone HCl and one part 

tille<l ivator) ,, 

(4) 30 per cent Natl solution soturoted with bippune acw 
few crystals of hippuno acid ore added to a saturated 

it IS boded for a verj short tune, cooled inth ice and Altered } 

(5) 1 per cent alcohohe plienolphthalem solution 

(0) 1 per cent nlcohobc duncthylommo-aiobcnieno 

(7) N/4 NaOH 

(8) 30 per cent «mo sulfate solution 
(0) N/1 NaOH 

Procedure 

One and five tenths grams of NaCI and 5 ml of unne 
tho four hour collection arc added to 2 round bottom cent ugc 

* If no hippuno add m availahlo tho hippurio and 
sodium boD*o*tr adnunutrution may bo reoryitalllird and 
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tbe salt B dif*ol\ed bj atimng carefuUj with a thin gtaaa rod 
Then 2-3 drops of J concentrated HCl (3) m added until the mature 
reacts acid to congo paper or tropeolm solution and the prcapitntion 
of hippimc acid la mduced by rubbing the walls of the tube mth a 
glass rod 

After standing m ice water for fifteen mmutes the tubes are cen 
tnfuged for ten minutes at high speed and the supernatant is remerv'ed 
using a water pump and the apparatus as shown m figure 24 One 
ml of ice cold 30 per cent NqCI solution, saturated with hippunc acid 
15 added to the sediment \rell shaken and the walls of the tube arc 
nnsod with another 2 mb of this solution After centrifuging the 
procedure is repeated 2 or 3 times untfl the acid rencticm has disap- 
peared The residue is dissdied m hot disliUcd water transferred 
quantitatively to a ITagedom-Jenflen tube and titrated while hot with 
N/4 NtOH, using pbenolphthalein and dunetbylammo-asobenscno 
as Indicator, until the color changes from orange through yellow to 
red- 

Large amounts of protein or bihrubin ]xisabl> present m the unne 
mustberemoi'edasfoUows OJiml of 30 per cent ZnSOi solution and 
0 02o toL of h,/l NaOH are added to 10 ml of unne and filtered 
0,50 ml of filtrate is treated os desenbed above 

Colexdaixon 

To tbe amount of sodium bensoote (as hippunc acid) determined 
by titration tho amount remaining diseolied m tbo unne after pre- 
cipitation M added This m calculated on the basis of 0 10 Gm per 
100 ml at room temperature Where \ is the number of milinitcrs 
of \/4 J^aOH used m titration the total amount for the specimen in 
terms of sodium bensoate is as follows 

\ X X 0030 + (olo X 

•• Gm sodium bcnioatc excreted 

The factor 0 030 w as determined os follmi h \ normal wxlmm ben 
wate solution (C*H»COO?Na) correspomN to 144 Cm one liter of a 
h/4 solution contains 30 Gm therefore 1 ml of a N/ 4 NaOII corre- 
sponds to 0030 Gm of sodium bensoftto 
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Example 

Volume of unno — 2o0 ml 

N/4 NaOH used up for tho tHmtion of 6 ml of unne 23 ml 

23 X ^ X 0030 + - 4.14 + 035 - 439Gm. 

o 100 

430 Gra of eodium benioate were excreted 

Accordmg to thia method the normal adult excretes about 3-6 Ghl 
of bcnxoic acid m the form of tuppunc acid m four hours Values 
belcm2 4Gm 40 per cent) are considered pathologic 

Diminished output occurs m catarrhal jaundice, mtrahepatic ob- 
structive jaundice, acute and subacute hepatic necrosis, cancer or 
sjTihilis of the hver after operation of tho bilmr\ tract, m adi anted 
cardiac decompensation with passure congcsstion of the hver The 
test 18 also positu’e m advanced kidne> diseases, in seme cases of 
hyperparathyroidism, cachectic states ond m anemia Usually the 
test a normal m uncorapheated diseases of liver and bile ducts 
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Chapter XI 

Enzymes 

DETKHiirNATIOV OT DlABT\flE (AmYLASE) IN BeRUII 

Pnnaple of the method Equal amounts of a known starch solution 
arc added to tubes containing eenel dihitioos of the serum to be 
analyicd After mcubation at 38*C for 30 mmutes tbo lo^^est serum 
concentration la noted ^\hich la still able to ferment the starch 

Reagenit 

(1) 0 1 per cent starch solution 0 1 Om of soluble starch (weighed 
on an analytical bolanee) la stirred up with a little cold distilled water 
and 80 ml of bcnlnig distilled water i» then added with shaking. 
After beating in a boding water bath for sevend mmotea, and subo^ 
quent coolmg the voiorae ta made up with water to 100 ml ms 
volumetnc flaak If Hgli (roda or plates, see append p 371) is 
added aa preservatn'e the solution will keep indefinitelv when 
stored cm ice 

(2) N/60 iodme-potOBBium iodide solution 

(3) 0.85 per cent NaCl solution 

Proceditre 

Two tenths (0.2) ml of 0.S6 per cent NaCl is added to each of 10 
small test tubes (l^Kth 05 ram diameter 10 mm ) 0 2 ml of serum 

B added to the first tube and after mixmg i\ith a pipet by drandng up 
and blowing out the mixture 0.2 ml of thia dilution is tranaferred to 
the second tube Here it is mixed thoroughly as desonbed above and 
0.2 ml of this dilution la transferred to tube Nr 3 This process is 
repeated until all ten tubes contam mcreasmgly diluted serum The 
0.2 ml remo\*ed from the last tube is discarded In this manner a 
dilution senes of 2~> to la obtomed Using an eiactly calibrated 
capillary pipct 0 4 ml of starch aolatioo (1) la now added to each 
tube and after thorough mixmg the samples are placed m a water 
^th of 38“C for thirty minutes TTie^ ore cooled rapidlr and 1 
drop of lodme soluticai (2) is added to each tube TTie first tube 
S33 
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ehosnng traces of a purple color indicates the borderline up to ifthrch 
the diastase a os active 

Calculation 

One dmstoso unit (DU) represents the amount of cniynie (scnim 
dilution) a hicli ferments 0^ ml of a 0 1 per cent starch solution under 
the above mentioned condiUona Since 0 4 ml of 0 1 per cent starch 
solution 13 used in this method, 2 diastase units ore determined mcadi 
analysts 

Die amount of diastaso present m the sample is obtained according 
to the equation D 38^/30 ram — 2'+*, x representing the tube where 
the entire amount of added ctorch lioa been fermented and where no 
purple color is vneiblo after the addition of lodme 

Example 

A purple color appears in tube 0 after iodine addition Dierefore, 
the diastase was active only up to tube 6 (tubes 1-5 coloriess aHer 
lodme addition tubes 0-10 colored after iodine addibon) The 
amount of diastase is ■* D 38*/30 mm -• 2^' “ 04 units. 

Under normal conditions the diastase is excreted in the unno The 
blood diastase raa) bo mcrcasod under pathologic condiUocs 
mol value 32-04 dmstaee units t nlues up to 2000 units and more 
have been reported under pathologic conditions Dio diastase (amj 
ose) 18 mcrcased m acute pancreatitis, cancer pancreatitis, some case* 
of perforated ulcer severe kidney disease Low v alue* are found m 
hepatitis with necrosis Bovtire bums Bomc coses of pneumonia eon 
gestiv e heart failure 

DETERmNATION OP PnOSPITATABt^ 

DdenmnaUon oj Alkahne PhoephaiaBe 
PnnopZc of the method Phosphatase splits glyccnn phosphoric aad 
into glycerin and free phosphoric acid The amount of phoep ^ 
acid liberated la an indication of the eniyrao concentration m 
onaljicd serum 

Reagents 

(1) Myccro-phosphate solution* 2^ Gm 

and 2 12 Gm of monowodium-dioth 3 ibarbituno ncid are 
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al)O(it20mI of water m a >0 ml \oliimctnc (Luk To ilin 2.» ml of 
porcplNccrui* liofldwlarnl tljofla k utlicn filltxl up with uTitrr Tlin 
lock Hilution has to bo dilutwl 10 timc^ Ix'forr U'O i o one p irt of 
romrntratwl rrapent addwl to 0 part*' of water The Mock mIu 
tK»n keepi indermitelx on ire the dilution <mlv a diort time 

The rUhilixatlen m ohtalrveil h\ oddinit |d%f*’nn wlnrh pirventi l>irtcn J 
d CD Kn portion well LvilrtJjTU armnliQic to the la* of aetinn J 
iJvf’ nrptxwphttte li deeomprwU t>r bnlrotrvin Into jiU rrrinr and phf«pli nr 
mI I >n futimr* 

nWII— ClI— CIWH + IW 

1 

o o 

]✓ - CIWII— (’JIOII— moil + Ns Hit) 

P— ONa 

\ 

ON* 

lU Bv an* of an ftee^ < f jd'ecnne llie formation of free plwr-j I onr an I is j tr 
\rntnl |t the rquilihrium constant It changed Infavor of tbr rUrr form Ut tn 

\ccortliiic to Cl J Slnrumam* the optimum aelixiU »>f alkaline 
phiepliataae is at pll OJJO d: 0 H Tlie Mmplo't wn\ of niljti tinp 
the ►til>s(rafp to iIk* tle>ire<l pll t» itH folltnto 
To ii> rnl of MXHimlars m''l'» pho“*phate IxifTir Milution (pH ■■ 
'•IS K-p p 3SI) in a tc^t (ul>e are nd<lo<l T drop of 0 01 im r rent 
nijUMHiM ths*mol blue mdution In a aerond mniLsr tul>e T drt>ji' of 
h0| per CTfil aqueou tlitmiol blue wjiulion are addeil to 0 i ml of 
*sinrmtrate<l ml»-trnte nn<l 1^> ml of miter To thi Intlir tul>e 
^ Id NaOII Is ad<le«l fnini a nii>et with l>enl tip (ks tie I) until lh< 
in iKith tulM-s are Kientiral TJie entire unuMinl of hiili Irate i 
f’"' diluted with an ammint of 2 \ NaOII nirTr'-pirmlinR to thr 
armaint of alkali u*>e*| m the te^l titration 
(2* I ourtis-n |>rr rent tnehloroarrlir nrel olution 

Ileacents a tle^rnlirsl for plio-phoni <h temnnntinn see 
fo m thoil fitr the ilrterminalion of fire pjii>-phnnr nn<l (p 

^ ' f Inrr 

1' • I 2 ^IhuI rotitKl Imttoni te>t lulir'- rsjuipjnsl uilli prtsm I pin 
IT^ I ml of Mrliiim clt n ro-p!i<r-pliate I'arh i' pLsnsl I nmi 
'“‘I lUrv pi|ir| Ito-irinc 2 marl s (‘^e nler h«d d t rmimtionl 0 I ml 
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of Beniitt 18 deln ered slowly into e«ch tube (blomng might alte 
pH) and mwed The aerum should not be kept for more 
SIX hours before startmg the analysis, as changes m the eniyroe 
occur after that time One tube is immersed m a water bat 
38®C for exactly one hour To the other tube 0 9 ml of tneh 
acetic and (2) la added and the tube is centrifuged at high ^ 
After one hour, tube no 1 is rcmo\ed from the water bath a 
rapidly m ice water, 0 9 ml of tnchJoroacetic acid (2) b added 
the tube is centrifuged at high speed ml of each clear ei 
natant is transferred to a dry teat tube and the phosphorus is d 
mined (see p 03) * 

Cdculalion 

One phosphatase umt is defined as the amount of emyrae whict 
liberate 1 mg per cent of phosphorus from the buffered gly 
phosphoric acid substrate after ono hour’s incubation at 3S®C 
higher phosphatase values ore expected, the incubation tune ms 
shortened li less ensyme is expected, the mcubation time ma, 
prolonged and the following factor included m the calculation 

IncubfltiOD tune 

(la minute*) 10 15 20 30 00 120 * 

factor 4 70 3 30 2 57 1 82 1 00 0 55 0 39 


Example 

before incubation 

after incubation (00 min ) 

difference 


4 2 mg per cent pho*phonn 
10 5 mg per eent phoepbonu 
6 S mf per cent pbo^phona 


the phosphatase content is 03 units. If the mcubation time 
shorter the followmg calculation is performed 


before mcubation 

after incubation (30 min ) 

djfferenee 


4 2 m* per cent phoipborui 

7 6 mg per cent pbotpborui 

84 X i S2 - els unit! 


The normal alkaline phosphatase values ^ ar> 

Higher levels maj be found in jaundice genernli 

When caJculatiD* the phoophoru* content tbe raltm <^t 

mulPphed b\ 2 os half tbo amount of »erum ha* been J* 
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(5-10 uiuts) hyperparathyroidiam (approx- 2o units) Paget s disease 
(35-60 units) Lovr values ore found in chronic nephritis mth de- 
struction of renal tissue and m celiac disease Isonnal values for 
children range betiveen 6 and 12 units highpr values are f«md in 
acute rickets (30-100 units) healed nckets are accompanied bj lalucs 
of G-14 units 

Determnaiion of Aad Phosphatase 
E- B Gutman and A- B Gutman* found that the phosphatase 
activity In aad medium is elevated m diseases of the prostate Tho 
authors used acid phenyl phosphate (pH — 4.9) as substrate and 
estimated the liberated phenol However it is simpler to use gh cero- 
phosphate as subetrate which is adjusted to pH 6 0 ± 0 lo as follou s 
The follcm mg solutions are measured out mton test tube 2 ml of 
phosphate solution (— 0 1 ml of ?\aiHPO« + 4 0 ml of KHjP 04 
pH 6 see p 384) 1 ml of mdicator (- 002o per cent aqueous *r- 
dmitrophenol solution) and 4 ml of 0 9 per cent \qC 1 
loto a second tube of the same diameter are placed 0 1 ml of 
*wtini 6.9 ml of water 1 ml of dilute substrate (1 10) and 1 ml of 
UMheator 

Using a bent pipet (fig 4) N/1 HCl is added to the second tul )0 until 
the color m both tubes is identical The total amount of concen 
trated substrate is now dfluted with on amount of 6 N HC 1 corrc'pond 
to the above titration 

Acxi and alkaline phosphatase mnj be determined together b> 
either the acid or tho alkaline substrate the procedure and 
calculation m both cases is the same 
^o^mal i-aluo for acid phosphatase 0.2-1 1 units 
dtseases of the prostate 1.2-31 7 units and higher 

DnxRiiiN AVION or LiPUiES 
Tiinmdnc Detenmnation of Lipase* * 

^fiaptc of the meOtod The substrate used in the tc't tj on cmuNion 
of olive oil The degree of hpase actmtj is Indicated by the amount 
of fatU and liberated and It Is reported in term' of ml of \/'2Q 
^>um hj-droxido solution 

(1) emulsion of olnTj oil This should be purcha«c<l from a com 
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mercuU laboratory It is prepared m a liomogeniier from equal parta 
of pure oliAm oil free from fatty acid, and a 5 per cent solution of gtnn 
acacia, Tnth 0^ per cent of sodium benxoate added as a preserratn^ 

(2) phosphate buffer solution pH 7 Prepare Soerensen phosphate 
buffer solution from a m/15 solution of pnmaiy potassium phosphate 
and m/16 secondare phosphate solution, adjusted to pH 7 (see p 
380) 

(3) N/20 IsaOH solution 

(4) 1 per cent solution of phcnolphtbolcm m alcohol 

(5) 95 per cent ethy 1 alcoliol 

Proctditre 

One ml of serum la placed m a test tube 2 ml of obve oil (1) 3 mL 
of dist water and 0^ ml of buffer solution (2) are added Themn 
turo 18 shaken and meubated at 38^C for twenty four hours Ablaut 
is prepared M placing 1 ml of senim in o test tube adding 3 ml d 
distilled water and heating at 70*C for about five mmutof todestrqy 
the en*ymo This is followed by adding tbo buffer and the wbstrate 
shaking the mixture and incubating it at 38“C for twenh four ho^ 
Now 3 ml of alcohol and 2 drops of phonolphthalcjn (4) are added to 
both tubes and the mixtures titrated to a permanent pink color the 
indicator wntb ^ 20 ^vaOH Tho number of ml of NaOH used to 
neutraliie the blank (tube 2) subtracted from tlie number of ml 
NaOn used to nciitralire tho acidity in tube 2 is recorded as m 
N 20 \a()H for eacli ml of serum 

hilcrprdaiion 

Vccordmg to Comfort the normal range is from 0 2 ml to 1-5 ml ^ 
'\/20 NaOH for each milliliter of scrum A sharp nse , ° 

9-10 ml may occur m acute pancreatitis and other lajun® o 
gland Further high values mn\ be found in cases of cho c 
with jaundice, cirrhosis hver — and pancreas carcinoma 

/)r^er 7 nina^lon of Lfpatc Resifioot io QuininP 

The hurfoce tension of a saturated solution of inbut^nn 
much lowTr than tlmt of water On oddrtion of serum, w ^ 
taros hpase the ester hydrolj'xca into glycerin and 

the surface tenwon of the solution gradually mcrca«e8 unti upon 
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pkhon of eniymatic hydrolysis it reaches the value of water The 
changes m the mirfnco tension are measured by the gtalagmometnc 
method 

The hpaso b normallj poisonod by quinine, atosjl ond pimilnr 
drugs and in their presence the serum losses its Baponif\'ing property 
Howe\-er hpasefl appear in certam liver and kidney mJU^e^ which 
arc resistant to these potsona and hydroUso fats m spite of thoir 
presence. 

Reofffnts 

(1) buffer solution 1.27 Gm of citnc acid (CJIiOr X 1 and 
33.35 Gm of Na,HPOi X 2 HiO ore diS8olve<l in water and made up 
to 1000 ml 

(2) Saturated solution of tnbutjTm 1-3 drops of tnbutvim arc 
added to 100 ml of water vigorously shaken for 20 ramute^ and 
filtered through a folded filter 

(3) Before use 60 ml of aaturoted tnhutjTin solution (2) aie mixed 
with 3 mh of buffer solution (1) 

(4) Qunune sohition 0.o Gm of qummo liydrochloTKle are dts- 
solved m 100 ml of water 

Appanlm 

The Bona stalagmometer (fig 67) should p>os««CB8 the \ ohime of 3 ml 
the nnmber of drops of distnied water ot 20 C delivoreilb} the nppa 
ratus should be 95 (=f-6) Betireen dcterminationi the btalapmom 
eter la left m potassium dichromato-sulfunc acid solution Befoie usd 
rt M washed thorou ghl y with distilled voter then witli the solution 
being determined The apparatus must not be washed witli organic 
wlvents lilce alcohol, acetone other etc Tlie tip should uot be 
touched by fingers and should therefore be protected by kcepmg it 
a teat tube For the test the apparatus is placed m an evaeth 
perpendicular positian and filled bj means of suction througli lublior 
tubbg attached to the upper end The stalagmometer sliould bo 
^Ptin a place well protected from water \'Qpor8 and humiditv Tlio 
■option to be analjiod should be kept at a constant tempomture of 
and the dotermmation performwl m a room wlicrc the temper i 
lure does not above 20“C 
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Procedure 

Six tcuths (0 0) of a rmUfliter of fresh serum is mixed m a test tah 
inth 0 2 ml of quimno solution (4), the tube is stoppered and keptfof 
thlrt^ mmutes at 20'’C Then 10 ml of buffered tnbutynn sohitioi 
(3) are added to the tube, tho contents well mixed and used first ti 





0 b 

Fiq 6“ StaJflffmomctor a Acoordtac to Roda t) to Trantw 

Ti'asli and then to fill the etnlngmometer After tliree mmutes the 
number of drops of tho stolagmometer are counted, the cotm re- 
peated and the results noted _ ^ 

\notlier count is made after exactl> ninety mmutee From ^ 
difference botireen the immediate and later cotmt the amoun 
quinine resiRtont lipase can bo estimated 
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tialuaium of the resuUi 

Difference in number of drops less than fi\'o is regnnled a negn 
trvo result If the difference is larger than five the result n positive 
From 0 to 10 drops suspicious (+) 

From 10 to 16 drops shghth positne (++) 
above 16 drops strongU po«.iti\T (+ ++) 

The presence of qiunmo-rcsistont hpoM; points to clear injnn of 
the In-cr This hpase appears sometimes m extra hepatic morbid 
changes A severe icterus accompanied b\ suspicious (+) Iipa'^ 
content suggests on obstruction ictenis whereas the result (+ + ) and 
(+++) mdicato quite clearlj an iDjur> of the h^•cr paronch\Tnn 
In acute hepatitis the reaction is usualh posituo and it-* degree 
changes mth the progre« of the disease 

DiHLiorn\PH\ 

‘BodmaaV) A J Iliol Chem lOl 03 1033 
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Chapter XU 

Vitamms 


AhUIOD FOR DETElOnN mON OF jVflCORBIC AciD COVTENT OF 

Blood’ (\iTvia\ C) 


Pnncipk of the mdhori Ascorbic ncid reduces dicUorophcnolmd^ 
pbcnol sodium Tlic Dmount of color reduction of a dicUorophen^ 
mdoplicuol sodium solution acted on bv plaenm filtrate h measured 
and calculated m terms of ascorbic acid 
RejjgaiiB 

(1) find} powdered ?o(lmm or btluum cocnlato 

(2) 10 per cent &odium tungstato solution 

(3) 2 3 X H SOt (9 070 Gm per cent of 3\HS04 may be usee 

(4) (Ive solution VppraTimfltelj 0 1 Gm of dichlorophenol 
mdophcnol sodium (E K Co Nr P a4C3) is twice ertmeted 
scaldmg hot \vatcr (for maximum solution) Each extract a 
tbrou(tti a smaU filter paper combined and diluted mtb 
boiled and cooled water to a \ olumo of oO ml The insdu o 

is rejected This stock solution is good for about three w^ 
on ICO Ton miHihtcis of this stock solution is dDutod to IW , 
boiled and coole<l distilleil water This diluted solution er 
arxlmition is used for titiation of the deprotcniiied plasma u 


Siandardtzahon of the dye solution 

Vpimr^imatel} lOO mg of ascorbic acid (from a sealed amp ) 
dissoUwl m 100 ml of 6 per cent acetic acid m a -Kr/if 

Fi\c raillihtcrs of this solution arc titrated imraediat } 
lodmo solution One milliliter of X/100 lodmo solutum co 
to 0.S77 mg of ascorbic acid Tlie iodine solution M o P 

fretJ) for eacli determination (it 18 not stable) 3.507 
of wateO arc dii^hcd in nlKHit oOO ml of water in a 

metne flaiik 1 lO ml of N 1 H,SO, are added and the . 

up to the mark with water This solution can be kep 
pro\nde<l it is protecte<l from sunlight and held m a flas wi 
stoppoi 
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Tra minnitcnl of tlifl loliiUtin nro tmilr<l witli O-'i Gm of KI oflff 
Eli up with wnlor to 100 ml (N’/IOO i<»llnr Milution) 

If 2 ml of tlm fl'^rlilo uchI Holiitlon (niipniximutoh 100 tn? por 
cnit)iTOoxliI{to<lhy(oR)2 lull of N/IOO lodmoioliitiou thoa2ml 
rf jjMtblo ackl aotullon rmilmii 2 I X niW7 - 2 1018 mR of 
Kid One mlllimor iif Uik roliitloii k mndo up to 200 ml with i jyr 
mil owllc nciil in n 200 ml toliitiirlrln On h, 2 ml of thi- dflotion 
conliimiDE 0d)iai2l mu of nwnrlilr nclil nro titrated v ith the dau 
ted dyo eolutlon (d) imlll n iieraklent nd color appear. Two mil 
Hilcri of Mcorlilc neH eolutlon rMpiln'. (c R ) I -07 ml of dj-c eolutu^ 

whereas 2 ml of fl ixt cent neelln nelil nlnne mpme OOO nd tmto 
appearance of aperskliuit rr.lrolor,tliet( forn0 01(X»21 mR of aeeo ic 
add require lJi7 - 0 00 a. IJd ml of d)e In OOl mR of necorbic 
#ctd correspond to I Hint of (l>owflMUon 


Pnecdun 


Fivo or mote millilitera of liloiel nm drawn and i^ted The 
Hood k Immediately oentnfiiR.sl Um I’lwma removed, and a timg 
Stic aeid filtrate prt pared Ifsiinlly 2 ml I’k'™ 
into a round bottom IS ml <■ nlrlfiiim lids , n ml of 
added, foUowed by I ml <d W I"r rent andilim tungsm e, 
tents mixeil, then 1 ml of 2AI k eidf'irle ocid added .Viter Ifio^ 
mldni!. the tula- k allmiid torliui.l for I 2 ininii^ ^ 

About 0 to 7 ml of elcnr ni|K rtuitiuit is nl.tn ned Two ml pr^r 
dons «e plpetteil into ns.o.l Imtiom f. 

mnnediately to tin first fednt ,nnV rolm (eomparrd with “"tHra^ 
«*.tion) a, rapidly ns po.n,i),l, \ 5 ml mwrodiurr tte (m* 0J)l ml 

dtnsloos)isuse<ltomea 'tretlienspiiieil lolunieofdjesolutlcm 

A blank delermiiuituin ,s ramerl i-it m the J 

titraUonof 2ml of tlin foIlowInR “'j!* ’ ^ ^ 

10 cent «xiium tuofrtntr an>l I ml ot2/3h 


ExanpU 

Two ml of tunRstioaead filtrate repri-entuig 0 4 ml rd pk-ma re- 

qmra 0 47 ml of dite dye solutlom Idl^ ml ei nll^ 

tie blank requiraa similailj 000 ml Tbertdore 0 4 m U p^ 
rtqai^0 47 - 0 00 - 041 ml of dye rolutlcm or I rob of plasma 
requtrea 2^X0 41 - l-02Sml. 
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* * 001 143 

According to the equation — \^5 

X » 0 00710 

The aacorbio acid content of the plaama is 0 710 mg per cent Ihc 
calculation can bo jicrformed according to the general formula 

ml of d} e solution used for titration X 2 5 X 100 
ml of d>e solution norrespondmg to 001 mg. ascorbic acid 

■» mg. per cent ascorbic acid 

The normal level of ascorbic acid m blood ranges between 0 7-1 4 
mg per cent, values below 0 7 mg per cent indicate a deficiency of the 
vitamin 


PHOTHROixBrN DirrEBursATioN 

The prothrombin concentration teat is used as an aid m the diag^ 
ais of diseases of the li\or and os a guide in the vitamin E and 
dicumarol thcrapj 

Principle of tiie method The QuicL. prothrombin test*' * a m 
mdireot measurement of tho plasma prothrombin concentration 
a based on the theory of blood coagulation proposing that thresn 
plastm m the presence of calcium converts prothrombin to thrombiOi 
which m turn coni’erts fibrinogen to fibnn, the strands of which are 
the end results of clottmg With rare avccptiona the variations in t 
concentration of calcium and fibrmogen encountered in man o n 
affect the blood coagulation tunc Therefore the speed of the reoo- 

tion after addition ofan excess of thromboplastin is used admeasure 

of tho amount of prothrombm present Tho standard of 
the time required for the reaction to take place in the normal su 
(“ 100 per cent) 

Reagenis 

(1) 0 025 M calcmm ohlonde 

(2) 0 1 M sodium oxalate tmiipr 

(3) bamim sulfate used for X my, 30 per cent suspension m 

(4) thromboplastm 

(a) preparation and storage of dehydrated brain 
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Frwh rabbit bmin or preferably human bram obtained at autopsy, 15 
ttripped off its pin and mascerated under acetone m a mortar The 
acetone is replaced as raan\ tunes as necesaar\ to obtain a granular 
nooadhesi\*o poirder which is dned on ft water suction filter (or on 
air) The complctelr clrj po^\*der b kept on ice under \*acuura cither 
in vials* or m a calnura chlondo desiccator e\ acuated b> means of an 
oil suction pamp Vfter each removal of material required for test 
Ing the mcuum is renewed Thus Iho dch\dratcd brain keeps un 
changed for a long period 
(b) preparation of throraboplastm 
0 16 Gm of dehydrated bram is mixed with 12^ ml of fresh saline 
andOJijml of sodium oxalate (2) 13 added The nuxturo is extracted 
in a water bath at 50*C for fifteen mmulcs, mmng frequently The 
suspension is placed for several hours nt room temperature to allow 
the large particles to settle on the bottom Tho supernatant suspon 
Sion is Bcparatod from the sediment mixed ucU and pbced m test 
tubes in 2^ ml to 6 ml amounts (according to dailx request) and 
tightly stoppered The lot is stored m a froien state in a freeimg 
unit Before uso this froien extract is tbauTd at 37*C for thirtj 
tnmutes, agitating tho tube occasional!) whilo thawing 
Tho froicn thromboplostm extract rotalns its potenej for at least 
three months 80 if storage m a freexmg unit is possible tho amount 
required durmg about three months can bo prepared at one time 
Tills method secures a fairK large suppU of thromboplastin of equal 
potency whilst dall) nxighing out of small amounts of dehydrated 
bram cannot produce homogeneous extracts 
Tho amount of saline added to 0 lo Gra of dch^xlratcd bram de- 
pends on its potcnc\ Gcncralh tho dch>‘drateil bram p\cs good 
roeults when diluted in the above proportion 
^^’hcn n new batch of dclmlmtcd bram giiTs weaker or more potent 
thromboplastin extracts it can usuallv be concentrated rcspccUvcl) 

lutml of itnrinK tbc thromttoplaatln Id d %ial it m^v nUo be krpt In » 
t'otUe «lth top (cfltmp bottle) F<*rerat holc^«h<mId drilled throuRb 
tbc top The Irmde of the top ecoootbrd ont »nd corrred « ith a round plrrr 
of rubber X hrpodmnlc ne^e invrrted throuRh the ru1>bcf and the ner<lle 
ronneeted to a varuum pomp Vfler vacuum ii ovtalll hciJ tbc nccillc i* 
rctnoTcd 

To lake out tbrotnlioflastin for a tc«t tbe lid U un trracd and tb« rubber 
ptato remove d I ater on the top put back on the bottle and tbe bottle 
ariln evacuated 
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diluted by UHmg a smaller or larger amount than 12^ ml of salme 
for the extract of 0 16 Gm of brom, m order to obtain the clotting 
times corre^onding to the aUindarditation cun’e 
(o) Standardixation of thromboplastm 
The thromboplastin is stondordiicd by domg prothrombin tunf 
determinations on several dflutiona of plasma of sevoml normal per 
sons, using banum sulfate treated plasma as diluent 



Flo 68 Curve for prothrombin calculation 

As vanationa m prothrcwnbm concentrations between 100 per cent 
and 30 per cent produce httle change m clottmg time, an emct 
for the prothrombin concentration m per cent of mean nont^ 
difficult to obtain When the plasma is diluted to lO per c^t, mr 
ever very slight changes m prothrombin concentration result m 
changes in the clotting time So we developed a curve (fig f®) 
on 10 times diluted plasma only . 

To 10 ml of normal plasma m a centrifuge tube 2 mL 
banum sulfate suspension is added shaken well, meubated at 
for ten minutes and then centrifuged at 3000 RPM f®" ten mmu 
The supernatant fluid is prothrombin free plasma. 
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TTie normal plaama is ten tunes diluted with the banum-BuIfate 
treated plaama 4^ ml of barium Bolfato-treated plasma is added to 
0.5 mL of normal plasma. This 10 per cent dilution represents 100 
per cent prothrombm 

Further dUntioos are prepared m the following way 


B«riaa Soitit* Treatad 
hm 


PlaMa 16 Tmaa DihtttiJ 

*" Protkrtttba 

0 45 

+ 

0 06 

10 

0 40 

4- 

0 10 

20 

0 26 

+ 

0 26 

60 

0 16 


0 86 

70 

0 06 

+ 

0 46 1 

00 


This is repeated with several normal plasma samples, the average 
results produdng tho curve shown m figure 58. 

Durmg some time patients* plaama after \dtajnin K or dicumarol 
treatment are examined undiluted and m 10 per cent dilutions with 
the identical banum sulfate treated plasma. The prothrombm in 
per cent of normal of the 10 tunes dJuted plasma is read on tho alxn e 
curve The clotting time of tho whole plasma is reported After 
experience of some wooks the time consuming dllutiona can bo omitted 
and the reported results of whole plasma can produce the table (fig 
6Sa) for prothrombm concentration of undiluted plasma, baaed on the 
10 per cent dilution curve Tho results thus obtained ore sufficient for 
clmictl use although occasionally the 10 per cent dilution can be per 
foTTaed when special precision is wanted 

Procedure 

From each patient, 1.8 ml of venoua blood are drawn into test 
tubes contoming 0.2 ml of sodium oxalate. It is convenient to use 
test tubes with a mark, at 2 ml so that tho blood need not be meas- 
ured exactly m the synngo The blood is meted by gentle inv ersion 
and kept on ice till ready for examuiation ^\Tien all samples are 
taken, they are centnfuged at about 2000 RPM for fivo minutes and 
placed on ice again ^nth a 1 ml serologic pipet (bent at tho tip) 
0 1 mL of plasma from one sample (not more than 0 samples at one 
time) is transferred mto three test tubes each All 0 1 ml portions of 
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plasma arc kept on ico till actually ready to begin testing Plasma 
ivhich IS removed from the red blood cells dummahes its prothrombin 
content after a very abort time, even when kept on ice, whereas plaami 
which remains together with tho erythrocytes keeps its prothrombin 
content unchanged for more than six hours when kept on ice. In a 
water bath of 37^0®C ore kept, m one test tube, 0 025 M calcimn 


clilonde solution with a dropping pipet (2 drops calcium chlondc 
being 0 1 ml ) and m a second test tube thromboplastm with a 1 ml 
serologic pipet inside 

Qfttthu Tboe U Secwtdi ^ 

P»r oat PreUmnUi 

IS 1 

100 

IS s 

90 

16 

60 

16 6 

70 

17 

60 

18 

60 

19 

' 4S 

20 

' 40 

21 

il 

23 

' SO 

23 

1 2S 

24 

20 

25 

IS 

26 

10 

27 

}e«f thAQ 10 


Fio Wa — Tsblo for prothrombio eoncootratlon of unddated planna 


One tost tube containing 0 1 ml of plasma is placed into the ^ 
bath for thirty eeoonda, 0 1 ml of warmed thrombc^lastm is 
and the contents are gently mixed Finally 2 drops of 
chlondo are added and timin g fa started with a stop watch . 
first drop reaches the fluid The contents arc mixed unm 

After ten seconds the tube IB gently tiltod in and out of the er 

imtil a clot is about to form Tho time ib noted from the ^ 

The clotting times of three such 0 1 ml portiona arc ^ 

prothrombm time of whole plasma™ The per cent pro ^ 
corresponding to tho observed prothrombm tnne are read ro 
chart (fig 68) 
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Example 

Fun plasmA clots after 23 aeconds 
Ten timed diluted plasma dote after 5Q seconds 
Reading the curve 25 per cent is found i 23 seconds equals 
25 per cent 


MrcHO-DEnramNATiov 
(o) In plaema 

In cases when vempunctnre is difficult or in small children the 
mioromothod con bo apphed Qlass tubes as for the dotenmnatioa of 
the seduncntatioa rate (see p II) are used for thia purpose 0^ 
ml of sodium oxalate (2) is measured with this pipct mto a small test 
tube and the remainder of the oxalate solution discarded Now blood 
is drawn from the finger tip up to mark 0 and blown mto the test tube 
coatammg the sodium oxalate Bmso the pipet with separately kept 
sodium oxalate once draw blood up to mark 0 again and add it to the 
first portion The blood is now diluted 1 10 with the sodium oxalate 
(3 1 ml blood + OJO ml * sodium oxalate) The plasma thus ob< 
tained suffices for 2 or 3 controls of prothrombm tune estimation 
If even this amount of blood is not easily obtainable OiK ml of 
oxalate can be mixed with 0 18 ml of blood usmg a 0 1 mL serologic 
pipet This plasma can bo used for a 1 10 solution with bonum 
plasma taken from another blood sample 

(6) Bednde UM in blood 

For the dotennmation of prothrombm m infanta very small amounts 
of blood are required A Sahli pipet, graduated m mm * or a Sahli 
pipet which has not been drown out to a cone* is used for the deter 
mmation The latter pipet ts subdivided in 10 dn'oens Thrombo- 
plastin IS drawn up mto the pipet to tho first mark (2 mim*) and de- 
In-ercd on a watch glass or mto a micro test tube, Wth n fresh 
pipet 0^ ml * of blood (full Soldi pipot) is drown from tho finger tip 
and blown mto the thromboplastm After rapid mlnng blood + 
thromboplastin are sucked back into tho pipet Tho mixture m now 
Wicked back and forth within the pipet until coogulation takes place 

• Tb« pjpeU aujr not ho dried with alcohol or acetone 
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With a stop^TitQh the time intorral la measured between delivery rf 
the blood into the thromboploatln and the first sign of dotting 
If the percentage of vntamm K present is to be determined, 3-3 
normal blood samples must bo examined in the same manner and an 
average \ aluo (blank ^ nluo B) must bo calculated 
Tho vitamm K content in per cent is calculated by dmdmg the 
value found in the analyBis (unknown V) by tho average value 

(B) ? X 100 “ per cent vitamin K. 


Example 
U - 24 sec, 
B ™ 19,2 sea 


19 ^ X KW ^ gQ prothrombin. 


The vitamm content^ is decreased m 

(1) nutritional deficicncj 

(2) hypoprothromblnemia of the newborn 

(3) inadequate mtestmol absorption 

(4) lack of bilo m the mtestme 

(6) obstruettvo jaundice (all tjpes) 

(6) pylono obetniotioo 

(7) mjurj of the liver 

(8) after treatment with 3-3 raethj Icne-bis (4 hydroxy-coumanne) 
(known as dicumanne) 

Latent hemorrhagic hypoprothrombiiieniia occurs when the pro- 
thrombin level baa fallen to about 36 per cent of the normal 
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Chapter XIII 

Sulfa-Drugs, Para-Anuno-Benzoic Acid 
and Tkiocyanate 

DbTBRIIINATION or SuLyAJmiAlIlDB without Deproteinixation 

Determination of Sulfanilamide 
(a) In eerum or plaema 

Pnnapie of the method A citnc ooid buffer, with added caffeine and 
trroo,* M used to keep the proteins m solution Thus the loss in the 
precipitate of some of the constituent being determined is avoided. 
The nurture has the additional advantage that the colors ore de- 
veloped at a constant pH thus eliminating any vanatioas in the 
colors which may onse because of the Indicator nature of the dye sub- 
stance farmed by the diaso ceooUon 

BeoffenU 

(1) N hydrochloric add 

(2) 0.f per cent aqueous sodium mtnte solution 

(3) buffer sohition as for bOirubin-buffer solution 2a (see p 
320) 

(4) 0 4 Qm. dimethyl-a naphtbyiamin© is dissolved m 100 ml of 
90 per cent alcohol The solution lasts a very long time If kept on 
ice 

(6) standard solution 100 mg of sulfanilamide are dissohed m a 
100 ml volumetric m 20 ml of N/10 HCl by heating in a water 
bath After cooling the solution » made up to the mark with water 
If determination of a sulfanilamide denvativo la wanted, a similar 
wluboa of that substance is used 

Procedure 

Unknown solution 0 25 ml of serum is placed m a test tub© 0 05 
Dll of solution (1) and 0 Oo ml of solution (2) are added The mix 
ture is allowed to stand for three minutes, then 2 ml of buffer-solution 
(3) and 0 1 ml of solution (4) is added 
351 
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Standard solution 0 70 ml ctf scrum free from sulfaniknude, » 
added to 0 16 ml of solution (1), 0 16 ml of solution (2) and 006 
ml * of solution (6) and it is left standing for three minutes, 0 ml of 
the buffer solution (3) and 0^ ml of solution (4) are added 

easily comparable, red \iolet, color develops immediately and b 
read m the Hclhge Colorimeter Should the color of the unknown 
solution be too mtense, it ma> be diluted with water 
If the content of sulfonilamido la dotermmed m ictenc or hemolytic 
Bertim, a difference of color appears between the unknown and the 
standard solution This can bo eliminated by putting a colonmetnc 
cup of the diluted serum under oiaimnation behind the standard solu 
tion m a compensating colonmetor, os described m bilmibm (see p 
322) 


Calculation 


mg. _ 100 - y ^ g ^ „ eolDnm.ter i«dmg 


The factor 8 results from the following calculation 0^ rob of senim 
corresponds to 0 02 mg of the 100 mg per 100 ml sulfamlamide 
solution Therefore 1 ml corresponds to 0 08 mg and 100 mb to 
8 mg 

If only a sulfamlamide standard is avaflable, and another denvativo 
is to be determined tho result obtained must be multiplied by the fol 


lowing factor 

sulfapyndm 

Hulfathiasole 

sulfaguanidin 

sulfadiamie 

para-amino-benxoio acid 


1 47 ffulfameranne 
1 48 succmji-eulfathiaxoie 

1 37 
1 47 
0 8 


1 64 

2 06 


(^) In renne 

Besides the free sulfamlamide ncetylated sulfonilftmidc often ap- 
peals m the anno This does not take part m the reaction an can 
be determmed only after hydrolysis with HCl 

Determination of free sulfamlamide 0^ ml of the 
lutod 10 tunes 0 2 ml of N HCl and 0 05 ml of the mtnto u oo 

• Uilng * bent plpet (0 1 ml ) graduated In 1/lOOOth ml 
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are used 'n>e further procedure and the calculaboo are the same 
as in the determination m aerum For the atandord solution water a 
used instead of serum 

Determination of total sulfanilomKie 0^ ml of unno diluted 10 
times 18 boiled woth 0^ ml of N/HCl for thirty mmutes m s water 
bath or m the steam steriliier After cooling 0 Oo ml of sodium ni 
tnte solution is added^ and the sulfanflanude is determined as above 

*1116 differenoQ between total and free sulfanilamide gives tho quan 
trty of acetyl sulfanDamide In the urine 

(7) /ft cerefrrosptnof fliad* 

In ^tnal fluid sulfanilamide may also be found m tho acetylated 
farm, "nie determination should therefore be done as m urine, 02 
ml of N HCl being added to every 0^ mb of spinal fluid One of tho 
test tubes w first boilod for thirty minutee m the water bath or steam 
rteriluter After cooling 005 ml of nitrite solution (3) is added to 
both tubes and tho sulfanilamide content is determined The differ 
ence between total and free sulfanDamide gives the quantity of acetyl 
sulfanilamide 

DeTEKUINATION op ScriiPANTLAlIIDB ATTEB DBPROTElNIXA'nOKt 

Tho blood filtrate — after hemolysis and deproteimxing — is diaio- 
tiied and coupled with dimethyl-o nnphthylamine m 0 buffered 
solution 

KeopcTits 

(1) 0^ per cent aqueous sopoom solution 

(2) 16 per cent tnchloracetio nod solution 

(3) 0 1 per cent NoNO* solution should bo freshly prepared from 
ft 10 per cent NaNOi sohitioo which is stable when kept on ico 

Altbouj^b thii eolor reaction i* falrlj tpodBc Loag 4 ood point out that 
llio local anesthetic procftloo bjdrochlonde (para-amlDobcoiojl-dlothyl 
andDo-cthanol brdrochlonde) aill give a reaction aimilar to oalfanJlamldo and 
*id/*pyridlne Thli li oxcccdingl^ Important in tho dctcnnlnatloo of lerelf 
lo plctiral or rerebraplnal nuidf since In ancsthetlilnc the tlsjoef some of the 
•olotlon might be Introduced Into tha Bolds sod resolt in sbnomully high 
readings 

t itslnly sccordiog to Dratton sod Manhsll J Biol Chem. ItS SS7 1909 
Iroto J Kolmef sod P Boenier A pp r o ved Lsboratnry Teehole IW5 p SKI 



354 jucEocnEinCAL ubthom blood and ojb t EXAiUNA-naxs 


(4) boffer solution 37^ gm of citno acni 16 Gm of ureft and 10 
Gol of caffeine arc dissolved m about 76 ml of distilled water and 
made up to 100 ml 

(6) 4 per cent alcohobo dimethyl-or-naphthylamine BolutioQ 
(0) 100 mg per cent aqueous sulfanflamide solution 

Procedure 

One-tenth (0 1) of a milliliter of vrholo blood drawn from the finger 
tip 18 placed into a short test tube, containing 1 ^ ml of saponin soh 
tion (1) After standing for a short time to complete hemolyEis 
0 4 ml of trichloracetic acid (2) is added and fi\'e mmutes later the 
tube IB centrifuged One milliliter of clear supernatant is placed mlo 
a test tube to n hich is then added 0 1 ml of NaNOi sdotioa (3), and 
three mmutes later 0 0 ml of buffer solution (4) and 0 1 ml of dn 
methyl-a naphthyionuno solution (6) are added 
Standard solution The foflowmg solutions are placed mto a test 
tube in the mdicated order 0 02 ml * sulfanflaimdo solubcm (6) 35 
ml of saponm solution (1), 0^ ml of tnchlorecetic acid (2), 0 4 ml 
of NaNOj (3), 2 4 ml of buffer solution (4) and 0 4 ml of dimethyi-ff* 
naphthylamme solution (6) (4 tunes the amount as used for the un 
known sample) After standing for ten mmutes (he sdutiona are 
compared in the colorimeter 


Calculaiton 


mg. per cent sulfanilamide 


r pnding of standard X 10 
r ftfldtng of imlaiown 


The factor 10 18 den\ ed as follows 0 05 ml of blood corresponds to 

0 005 roL of 100 mg. per cant sulfanilsmide solution. Therefore 

1 ml of serum corresponds to 0 1 mg and 100 ml of senun to 10 
(for the factor for other derivatives see p 362) The results obtain 
for serum by this method are identical with the values found when 
workmg with method I When working with whole blood, 10 per 
cent must be added to the result However, this figure is not v^ 
accurate because the degree of absorption of salfamlamide by the 
cells IS not constant, however, the results are mfonnative enough 

• UfiDg a 0 1 nil beet pip4t mbdlvlded in 1/1000 ml (a®* As 
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DirrnEmNATioK ot Potabsium Teioctanate* 

PnwpU of iho mtihod The protein free seram-filtrBte is treated with 
a feme aalt eolatioii and the produced red feme thiocyanate la com 
pared with a known etandard solution treated m the same manner 

Rtoffenii 

(1) 10 per cent tnchloraoetio acki aohitaon 

(2) feme nitrate solution 6 Gm of crystallised feme mtrate are 
(hasotved in a 100 mL vedumetne flask m about 50 ml of water, 2J5 
ml of concentrated nitric add ore added and the volume made up to 
the mark with water 

(3) standard thiocyanate solution 2058 mL or practically 2jOO 
ml of N/lOO potaasxum thiocyanate are placed mto a 100 mL voin 
metric containing about 60 ml of distilled water 40 mL of tn*- 
ehloracetie a(3Kl (1) are added and made up to the mark with water 
One ml of N/lOO thiocyanate solution contains 0^18 mg KCNS 
therefore 2 00 ml diluted to 100 results m a sohitiODContammgO^ mg 
KCNS m 10 ml 


Pneedtrt 

In a centrifuge tube one part of senim is diluted with two parts of 
datilled water To thia serum dilution 2 parts of trichloracfitio ooid 
U) are slowly added with shakmg The contents ore well mned, 
centrifuged and filtered Five ml of clear filtrate and 0^ ml of 
feme nitrate (2) are mued m one tube and m a second tube 10 ml of 
thiocyanate standard solution (3) with 1 ml of reagent (2) After 
5 mmutee the developed colors are compared in a colorimeter 

Caladahon 

(a) for the Dubosque colorimeter 


reading of standard ^ ^ 
reading of unknown 
(^) for tbe Helhge colorimeter 


mg. per cent ICONS 


100 - y 
100 


X 10 


mg. per cent KCNS y - colorimeter reading. 
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Tho factor Is 10 as tho eonim was 5 tunea dfluted and the standard 
corresponds to 2 mg per cent potassnim thiocjanate 
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AppendLx 

Solutions and Apparatus 

In order to perform a qunntitatne anal^sifl tho chcnucal constitu 
tKm of tbo compound to be detenmned must bo knoum so that a suit 
able method of analj'sis might bo selected Ono must also know tho 
exact chemical reaction leading to the produebon of the compound to 
be esthnated Ilie quantitativo methods may be arranged m 4 
groups 

(I) gravunetno methods 

(II) titnmatnc methods 

(in) colonmatno methods 

(IV) gas-aualTtifl methods 

(T) In the gravimetrio method tho compound formed by a chemical 
reacbon is eetnnated by wei^tung 

For crude weighing (accuracy 005 Qm ) a beam balance is used, 
for analytic weighing an analytic balance a employed when 0 1 mg 
ffiaj stiD bo weighed accurately This balance is bjst placed upon a 
Htoofi plate resting on iron bars The bara are lot into tho wall of the 
room. Shock absorbin g media such os cork mats or sheet rubber mn> 
be placed under the plate A good analytic balance must ful611 tho 
fonowmgcoDdibons AMien arrested thopomtor must bo on tho center 
ttiark of the scale (roro-point) To a\oid pmrallacbc errors tho duH 
tanct lictvrccn scale and pointer should bo os short os possible Tho 
l*ilancc must bo tested for equal arm length by placing equal sued 
"eights (50 Qm ) on both sides When tho weights ore oxe b a n ged, 
llw balance must not bo disturbed If tho knife edges or pans ore 
‘'Oded the} must bo cleaned with a camel hair brush or a piece of soft 

The balance mu^t bo protected from temperature changes, humidity 
and flcid fumes During t?ie process of weighing the balance case 
ttiust be kept closed and it bo reopened onl^ after tho balance 
has been arrested The balance is set ot xcro when the deflection of 
the pointer to each skIo is equidistant from tbc »cro point, ^Micn 
"cighiDg the material to be Hcighe<l is pLiced on the left and the 
"eights arc placed on (lie nglit pan 
357 
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(II) Titnraotnc methods aro based on the catunabon of the 
volume of a compound used up during the chemical ronctioa of this 
compound the unknown material Calibrated flaaka and pipeta 
are needed for the titnraotnc (volumotno) cfltiraation Liquids are 
measured m 

(1) meosunng oylmdora the accuracy of the measurement Is de- 
pendent upon the length and diameter of the cjdmdcr 





Fio 50 VoLDMDTWO Fiiiara 


(2) \oluinetnc flnaks ponrnt a more exact measurement than o 
cylinders T^o shapes of flasks ore ovallablo 

(a) flasks inth neck of umfortn indtli (fig 60o) 

(b) flasks inth the nocks widened above tlie mark (fig 
shape ponnite thorough mixing of the contents 

(3) pipots + 

(a) serologic pipeta Tlieso aro glass tubes inth one ^d 

to R tip, sixes « 0^ raJ -10 ml TIimo are subdmdea as desi 
0 01th of a ml or 0 1 ml (fig 4) 

(b) bulb pipcts of 4 different types are usckI 

(a) bulb pipots with capillary tip The capillary ® 

drainage of the measured liquid A constant amount q 
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ttlwa\*a remain behind after the pipct has drained b\ granty, bocauso 
of capQlar> attraction Tlicreforc, tlus t\'pe of pipct shouJd not bo 
blcmn out 

09) bulb pipct mth narrowed, but not capiUan tips Tins t\Tx: of 
pipct ehoukl be blown out 
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(7) ImJb iiijK l-N mill 2 mark tlic hmrr mark phml nlnuit 1 rm 
n\ i\t iIk’ tip 

(i) lull) pj|K't nlnrh prrmit !lir mca urrmrnt of two <iJTrn nt 
'"^'^"*0 0 0 ml and > S ml ) Here l>oth marks nn plnrnl nUnr 
tWlrtill, TlieM pip< ts ma> l<* maile lip in the laltomton n 
dt*pip^li fillisl n iih natrr up to (lie onpnaJ mark Ntm lb'' de»m 1 
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amount of Tvator (0J2 ml ) is allowed to drain and it is weighed on an 
analytic balance Tlio marie (6^) w put on the pipet m the ap- 
propnatc place 

(c) automatic pipeta (fig 00) Thia typo of pipet is used for coo 
secutivT) measuremonta of tho same amount of liquid volume (aee 
measuring of potassium feme C3^ide m blood sugar determinaticm) 



With a rubber attachment pressure is exerted pushing the hqurf 
a 1 liter reservoir mto a capillaiy of known volume and wi ^ 
shaped upper end After the first few dre^ have run out , 

the liquid m the pipet towards tho top) the 3-way stopcock is 
clockwise and tho contents are allowed to flow out. The 
municating tubes assures exact automatic deh>’aiy of tho fiui 
lower end of tho pipet forms a capillary and is adjusted to eq 
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with the lower end of the dropping capillaiy Hub ftrrangement 
pennltfl the mpid and steady measurement of fluids, 

(d) Derona pipeta (fig 01) • Depending upon the position of the 
stopcock one pipet is onptied while the other one fills up simul 
taneouflly 
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(e) capillary pipets heavy walled capillary pipets with white 
^^*^cking are used for the measurement of small amounts of blood 
(OJ3HD,5 ml ) White-backed tnangjular capflhuy tubes may also 
he used one side of which is ground to serve as a lens Theao pipits 
^ easily calibrated with the apparatus shown m figure 02 The 
knrer part of a U-shaped capillary is connected with a leveling bulb 

f d gea KrinkeoKaoiw’ tS 7 1920 
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the U shaped tube camcs a stopcock, whjch can interrupt the csonnec 
tion Tnth the bulb Another stopcock mtemipta the connection be- 
tween both onus of the U tube The bulb is filled x\^th a 0 I per cent 
aqueous saponm solution colored with methjl \nolet or methykne 
blue By opening both stopcocks, fluid is forced info the U tube 
the stopcocks arc closed and the *oro point of the mca^eable mniimeter 
scale, attached to the nght ann, is odjusted to the meniscus of the 
liquid A caUbrated pipct is now attached to the left arm of the U 
with the Old of a short (approTimatel) 1 cm ) piece of rubber tubing, 
its tip is pomted upirards, and the pipct is fastened to a nng stand 
with a clamp The lower stopcock is now opened and by raising the 
leveling bulb the liquid is forced mto the pipct until it runs out of the 
tip The stopcock is closed, the outside of the pipet is wiped off and 
by careful opening of the right stopcock the liquid is allowed to enter 
from the pipot into the nght arm of the U tube, until it reaches the 
pipet mark of the left arm Now the stopcock is closed and the 
position of the upper meniscus of tbo liquid is mnjkTd on the miUi- 
meter scale If ^th sides of the V tube are of equal width the scale 
can now be subdivided os deatred 

The cahbration of the pipot with mercury is done as follows 

Apprcmmately 1 6 Qm of mercury is drawn up into a capiUaxy 

and the position of the mercury meniscus ismorked Forthemaiking 
the pipet 18 coated with a thin layer of melted bee s was, and the mark 
IS made with a file Crude concentrated hj'drofluonc acid is brushed 
over the mariv and after thirty seconds is washed off with water 
When the mark is etched in, the wux is dissolved, the mark is covered 
with oil paint or a colored wax pencil and the excess color is removed 
The mercury is blown out mto a dish and weighed on an analyta^ 
balance The volume of the capillary is obtained by diiddmg the 
weight of the mercurj by its speofio gravity 

Exampie 

Weight of meremy 1 6939, divided by 13 651 (speofio gravity of 

mercurj) * volume of the capillary of 0 125 ml corresponding to a 
difference m height read off from the TJ tube of 130 mm Therefore, 

1 mm * corroaponds to « 1 01 mm- on the scale. 

0 1 mL correspODd to 104 mm on the scale 

0,2 ml correspond to 203 mm. on the scale 
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(4) burettes 

(a) maCTO-burettea are ^aea tubes having a volume of 25-^ ml , 
each ml being subdivided into tenths. Such a tube is closed at the 
bottom by a stopcock or a clamp We have used Bang burettes as 



Flo 63 Borette » 1 th reMTvoir and dropplnf bottle lor •l»roh»olotioB 

•hoim In figure C3 ithich are coavementij refilled the reservoir of 
the burette can be connected to a large storage flask and according to 
the law of communicating tubes the reservoir bulb of the burette is 
'^'fihed from the storage flwsk. 

(b) 0emi>micro burettes (Pref^) are constructed like macro-burettes, 
the burette holds 10 mb end each mffljliter is subdivided m 0 05 ml 
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(o) mjcro^urettes (Bang) The volume of the measunng tube u 
3 ml , and each miUflitcr 13 subdivided In hundredtha of a miUjljter 
The volume con be mcreased to 6 ml by including a wider cjimdncal 
part on the upper end of the bunstto However, the first 2 ml are 
subdivided only in 0^ mb This typo of micro-burette permits the 
measuring of amounts above 3 ml with a practically unchanged 
length of the burotto 

(d) micro-burettes occordmg to Schwar*' (Hehberg) This burette 
allows the measurement of fluids between 0^ ml and 0 01 ml with 
an accuracy of 0 001 ml In contrast to the burettes described above 
the drammg of the hqmd here is not caused by gravity The burette 
is filled by sucJong up the liquid to the loro mark with rubber tubmg 
attached to a calcium chloride tube (k) The hqmd can not dram 
spontaneously, because the liquid level m the measuring part of the 
burette is lower than m the tip of the burette Air can not enter the 
burette, bocouae the height of tho capillary, corresponding to the inner 
diameter of tho tip, is larger than tho difference in height between 
a and b (end of tip and graduation) In this manner the solution a 
kept stationary In order to titrate the tip of the burette is dipped 
mto the liquid to be titrated by pressing the moveable key 0 / the 
burette stand The titration hqmd is forced out by blowing an 
thrcHigh k When the end point la reached, blcnmig is interrupted, 
the key is released, lifting the tip of the burette out of the hquid and 
the flow of hqmd is interrupted If tho tip wcaild re ma a i immerBed 
in the flask, the solution would be suck^ back into the burette. 
After the titration a small test tube is slipped over the tip of the 
burette, holdmg it m place with a rubber stopper This protects the 
opening from dust (fig 64 s and b) 

(e) Instead of woriang with tho Schwara-Tlehberg burette, a 
pipot may be used which is subdivided m I/IOOO of a miUfliter Tm 
tip of the pipet is bent and bovolcd as shown m figure 65 TTie UqiM 
employed for titration is suckod up wdiilo holding tho pipot wi& 
right hand and the AnaL mth the left band (see fig 65) The liquid 
IS allowed to dram along the woU of the flask and tho flask is caref y 
shaken, eo that the tip of tho pipot docs not touch the contents of 
flask 

If a large mimbor of titrations has to be performed this same pipe 
can easily be converted mto a burette (fig 66) by mounting it cc a 
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amaJ] ntm stand and connecting the npper end TntJi a piece of 
tubmg, using rubber tubing oa connection A wide rubber tubo is 
attached to the end of the tubing, jt is fiUcd with mercurj and 
closed off with a rubber stopper The rubber tubing camcs a screw 
clamp To fill the burette the rubber tubmg is compressed by clos- 
ing the screw clamp thus ejecting all air present m the aj'stem The 




Flo M Micro- burette &ceordJnc to 8chw»n (HohbcriJ 

IS now dipped into the sohition, used for titration and bj care- 
ful manipulation of the clamp the burette nmv be filled oh described 
For the titration the tip of the burette should touch the inner wall of 
fbo Vessel containing the sample and the scroti li tume<I allowing 
the solution to Dow out until the color change is obtained 
All volumetric flasks, pipets and burettes should bo of standard 
Or coUbratod by wcJghmg with nater and calculating the 
coinxited Volume with the aid of table 1 
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(c) nucro-burottcB (Bang) The volume of the meaaunng tube a 
3 ml , and each rndhliter la subdivided in hundredths of a miliibter 
The volume con be mcreaaed to 5 ml by mcludmg a wider cylmdncaJ 
part on the upper end of the burette. However, the first 2 mJ are 
subdivided only m 0.5 mh This typo of micro-buretto permits the 
meaeunng of amounts above 5 mb with a practically unchsaged 
length of the burette 

(d) micro-burettcs according to Schwan' (Hehberg) This burette 
flJJon^ the measummenfc of Sutda between 0^ ml and 0 01 ml vnth 
an accuracy of 0 001 ml In contrast to the burettes described above, 
the draining of the liquid here is not caused by gravity The burette 
IS filled by Buclmg up the liquid to the scro m&rk with rubber tobing 
attached to a calcium chloride tube (k) The liquid can not dram 
apontaaeously, because the liquid level m the measunng part of the 
buretta IS lon-er than in tbo tip of tho burette Air can not enter the 
burette, bocauso the height of tho copilloiy, csorresponding to the imter 
diameter of the tip, is larger than tho difference in height between 
a and b (end of tip and graduation) In this manner the soliitioii a 
kept fftationory In order to titrate the tip of the burette a dipped 
into tho hquid to bo titrated by pressing the moveable key of the 
burette stand The titration hquid is forced out by blowing an 
through k When tho end pomt is reached, blowing is mterrupted, 
the key is released, lifting tho tip of the burette out of the liquid and 
tho flow of hquid is interrupted If tho tip would remain immersed 
m tho flask, the solution would be sucked back into tho burette 
After tho titration a Rmfl|l test tube is ahpped over the tip of the 
burette, holding it m place with a rubber stopper This protects the 
opening from dust (fig 04 a and b) 

(e) Instead of n’orinng With the Schwar* Rehberg burette, a 05 

pipet may be used, which is subdivided m 1/1000 of a millilifer Tm 
tip of the pipet IS bent and beveled as shown m figure 05 The hq 
employed for titration is sucked up whflo holding the pipet with 
right hand and the finak with the left band (see fig 05) 

IS allowed to dram along the wall of the flask and the flask is carrfu y 
shaken so that tho tip of the pipet does not touch the contents of 
flask. 

If a large number of titrations has to be performed, this some pip®t 
can easily be converted into a burette (fig 00) by mounting it ob •• 
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email iron irtiind and connecting tbo upper end ^ith a piece of glcwe 
tnbing, using robber tubing aa connection A mde rubber tube is 
sttacbod to the end of the glass tubing it la filled with mercury and 
ckacd off with a rubber stopper The rubber tubmg camcs a screw 
damp To fill the burette the rubber tubing is compressed by clos- 
ing the screw clamp, thus ejecting nil oir present m the system The 
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la now dipped mto the solution, used for titration and by enro- 
bil uuinipulation of the clamp the burette maj be filled as descnlied 
^or the titration the tip of the buretto ahoidd touch the inner wall of 
^ vesael, contammg the sample and the acrea turned allowing 
^ solution to flow out until the color change is obtained 
All volumotno flasks pipots and burettes should be of standard 
or calibrated by weighing with water and calculating tbo 
^ ‘directed volume with the aid of table 1 



3M «ICBOCHEllIC.^L UWHODS BLOOD AVD 03 f EXAMNATiOM 
Exampie^ 

What weight of water haa to be taken at 30“ to cahbrate a liter 

R^ng m the table 1, opposite 30” the lalue G(M 92 Gm, 
isfoimd Tluaia the weight of water required 

haa to be weighed at 20° to calibrate a 



Answer Value for 1000 ml at iW*’ •= 907 18 Gm Therefore for tlie 
volume 2fi0 mL “ 249 29(6) Gm of nator n required 

AH glassware must be free from fat its presence is recognised by 
the way liquid adheres to the glass walls For cleaning soap and 
neater, or alcohoho al trail is used It ib beet, howeiw to use chrwnte 
a solution of 200 Gm of technical sodium or potas- 
fflum dichromate m 1000 ml of concentrated sul/uno acid The acid 
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» left overnight m the vesaela to be denned Pipeta only need an 
occafflonal acid deanmg Ordinarily they are waahed with water and 
nnsed with acetone- The acetone remo\ ea all traces of fat and at the 
ttme tune aerve* to dry the pipeta To speed up drying the pipeta 
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''bOe connected to a water suction pump may bo drami through the 
^®id part of a bunaen burner or the apparatus as shown m figure 67 
^ ti*d This consists of a mckel-coated copper block, which is con 
hnuoosly heated by two micro-bumere. The copper block heats up 



368 mCEOCHEillGAL HETHODa BLOOD AJTO 0^ T EXAiONATlONS 

only moderately, which preventa cmckmg of the pipets and also keeps 
thou* tips from bcmg damaged, an accident that may happen to 
begmnors 

If gas IS not a>ailablo, the block con be heated b> building small 
electrical resistances into tho apparatus It is recommended to in 
corporate a colored signal light as a remmder to shut off tho currant, 
when the block is not m use 



This oven also aon'es for quick drying of test tubes. The test 
tubes are placed inside the oven and by means of a pipet connoctedto 
tt woter suction pump the evaporating water inside the test tubes is 
quickly removed . 

Quick drying of small tost tubes or centrifuge tubes can also 
achieved by centrifuging the cleaned tubes on absorbent cellulose m 
an upside down position 

Pheparation of Standahd SoLunojra 
A normal solution contains I Gm equivalent (referring to hydrogen 
as 1) of matenal dissolved m 1 liter of solvent 1 1 * r 

In /I hydrochlonc acid contains 30.6 Gm of HCl diwolvod m 

of water N/I eulftmo Mid oontains 49 0M Gm. 


e0LUT10'f8 AND APPAK.VT08 


309 


lIjSO* dissoUed in 1 liter of iratcr I\,/l potnssiura 

of KIO* dissolv'ed In 1 btcr of water 
I 03 3 atoms of o’typrn => 0 atoms of hj'drogen are 


lodato contains 3o071 Gm 
^moL , 


0 / 

liberated upon decomposition 

This shows that one unit of \olumo of n N/1 acid, regardless of the 
\alcnco of tho acid, corresponds to one unit of \'olumo of allaili, re- 
gardless of Its valence 


Preparation of N/10 Polasnum lodale Solution (Prtmaiy Slandard) 
In a 1 liter \olunietnc flask 3.5C7 Gm of potassium lodato (an 
hydrous, purest grade) dried to consUmt weight m a desiccator or in 
an o%*en arc dlssoUTd la water and made up to the mark with water 
This substance is well suited os primary standard for tho standardizn 
tion of all other substances used 


lUO, + 5KI + 0H - 3Ii + 3n^-fOK 


IMth equal amounts of lodate present, tho amount of liberated 
iodine depends upon tho acidity of the solution. Therefore nclda ns 
ttcll as sodium (hiosulfato solutions can bo standardiied dircctl> with 
lodato solutioos Tlio titer of alkali solutions, potassium pertnan 
Ronato solutions etc. can then bo indircctlv determined 
Tho N/10 solution can Lo diluted to give >s/2j, N/40 2s/o0,N/100 
Hilutions Tlic dilute KIOi solutions, u«ed for tho determination of 
nod or alkali must bo fre«hl> prepared before use ^\^lcn the potas- 
anim lodate solution is acidified with dilute II:S04 os for the titration 
of ponnangnnnto and thiosulfate, it will keep for a long ponod of time 


Preparation of X/ JO Sodium Thiotvlfale 
ApproDCunatcly 2o Gm (theoretical amount needed 21.S0 j Gm ) of 
sothum thiosulfate (purest grade) is dt««oI\TU in frcshl> boded distilled 
water m a 1 liter ^ oluniclnc fia-k and nuulc up to the mark w ith water 
A small amount of thiosulfate is decomposed bj traces of CO* jirejcnt 
in water forming sulfurous ocwl 


Nn^SjOj -f- ' 

11 , 5 , 0 , 


IltCO, - 2 iNallCO, + HAO, 
- UiSO, -h s 


0 ) 

(2) 
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only modcmtcly, which prevonta cracking of the pipota and also keeps 
their tips from being damaged, an accident that may happen to 
beginners 

If gas IS not a\ailablo, the block can be heated b} building grr mll 
oloctncaJ resistances into the apparatus It is recommended to m 
corporate a colored signal hght as a reminder to shut off the current, 
when the block is not m use 



This oven also serves for quick drying of test tubes- The test 
tubes are placed inside tlie oven and by mcaina of a pipot connected to 
a water suction pump the evTiporatlng water inaido the tost tubes is 
quickly removed 

Quick drying of small test tubes or centrifuge tubes can also be 
achieved by ccntnfugmg tho cleaned tubes on absorbent cellulose m 
an upsido down position 

Preparation of Standard Solutions 
A normal solution contains 1 Gm equivalent (referring to hydrogen 
as 1) of matonal dissolved in 1 liter of aolvont 

N/1 hjdrochlonc acid contains 30.6 Gm of HCl dissolved m 1 liter 

of water N/1 sulfuno acid coatauu 49 046 Om 
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H)S 04 dissolved m 1 liter of water N/1 potassium 

wdate contains 35 071 Gm of KIO* dissolved In 1 liter of water 
as 3 atoms of orygen — 0 atoms of lijilrogcn are 
liberated upon decompiosition 

Tills shows that one unit of volume of a N/1 ncid, regardless of tho 
valence of the acid corresponds to one amt of volume of nlluih, ro- 
ganflesB of its valence 


( moL weight^ 




) 


Trrporxjixon of N/10 Potamum lodcUe Solution {Prtnxaru Standard) 
In a 1 liter volumetno flask 3i»07 Gm. of potassium lodate (an 
hydrous purest grade) dried to constant weight m a desiccator or m 
an oven, are dissolved m water and made up to the mark with water 
This substance is well suited as pnmaiy etandord for the standardua 
Uon of all other substances used 

KIO, + 6EH-0II - 31, + 3H,0 + CK 

^Tth equal amounts of lodato present, the amount of hberatod 
wdme depends upon the acidit\ of tho solution Therefore acids as 
well as sodium thiosul/ato solutions con be standardised directly with 
lodate solutions Tho titer of olLoli solutions, potassium pennan 
ganate solutions etc can then bo mdirccllj determined 
The N/10 solution can be diluted togivoN/2o N/40 N/60 N/lOO 
solutions Tho dfluto IvIO, solutions, used for tho determination of 
acid or alkali must bo frcthli preparwl before use When tho potas- 
amm lodate solution Is acidific<l mth dilute fl^SO, as for the titration 
of pennanganato and tliuwulfntc, it will keep for a long ponod of time 

Preparation of N/IO Sodium Thtotulfaie Solution 
Appnmmatol> 2o t m (tlicorotical amount needed 24^ Gm ) of 
sodium thioeulfato ({mrest grade) is dlssoli ed m freshly boiled distilled 
water mat liter i ohmirli Ic flask ond made up to the mark with water 
A amount of i hi(»ailfnt( is decomposed by traces of (X), present 
m water forming wilfunais acid 

Nn^^iOi ^ J 1I,C0, - 2 H- HiStO, (I) 

lliS^). “ ' (2) 
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2 NatSiO, + It - NfltStO* + 2 Nal (3) 

H^O, + H/) + I, - H,S04 + 2 m (4) 

According to equation (4) increasing amounts of lodme are used op 
by the thiosulfate solution during the first few days (equation 2) 
When all COi present m haa reacted (usually after several 

days), the solution inll be stable for a Jong period of time, when kept 
m a cool and dark place It is best to prepare a large volume of 
thiosulfate solution and determine its titer appraximately 10-14 days 
later as follows 25 ml of N/10 KIOj solution la acidfied with dilute 
HfSO^, appronmatoly 10 ml of a 10 per cent KI solution are added, 
and the hberatcd lodme is titrated mth thiosulftate from a macro- 
burette uamg starch as indicator 
Example of a calculation 25 ml of N/10 KIOi solution use up 
24^ ml of thiosulfate solution Accordingly, the thiosulfate is the 
stronger solution and all values detoimmed with this thiosulfate must 

be multiplied by the factor to gi\o the correct result When, 

N/lOO or N/200 thiosulfate is to be prepared from this stock solution, 
9 92 ml of N/IO thiosulfate IS dfluted to XOO ml or 200 ml with water 

^to avoid usmg the factor or 992 ml of stock solution is 

dfluted to 1 liter This la done as follows A 1000 ml vdumetnc 
flaak IS filled to the mark with thiosulfate stock solution the excess 
fluid fS ml m this case) is removed with a pipet and the volume is 
made up a gam to 1000 ml with water All dilute thicaulfate solu 
tions will keep onlj for a limited tune The N/lOO or N/200 thio- 
sulfate solutions may be stabihsod (several weeks) by the addition of 
0 ml of 4 per cent (N/1) NaOH for each hter Thts alkaUne tMc- 
aulfaig aoluiton mau only be employed when the titralum u performed tn 
strongly acid mediwn It may not be used for iiiralion m neutrw 
medium because of the formation of hypoiodide This would ^ ® 

case m the titrimetnc (ocidimetnc) determination of nitrogen c 
acid hquid in the receiver flaak is neutrahied by the added KIO* an 
KI and during titration with alkaline thiosulfate the side reaction, 
mentioned above, would take place 

Preparation of Starch Solution 

Two and one-half (2^) grams of aoluble staxch is suspended in 
cold water in a 1 hter florence flftwV, one liter of boiling water is 
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and it is heated to boiling 3 tunes. This starch eolutioa mtist bo 
ttflbdued with Hgl* either m the form of rods or celluloid plates.* 

(a) preparation of Hglrroda A paste is prepared from Hgl* and 
ilastisol, and riwden rods (appbcatora) are covered with the paste 
When drj the rods are soaked in water for twenty four hours and 
again dried 

(b) preparation of Hgli plates Celluloid strips or cleaned used 
(inflammablo) X ray film strips are dissoh ed m acetone, mncd with 
Hglrpowdor and the solution is poured mto potn-diahos. Small 
plates will form, which aro dried soaked m water for twentj four 
hours and agnm dned> One of these rods or plates is placed m the 
starch solution for stabihaation Hglj does not mterfere with the 
lodomotno titration The rods or plates will mninfaln their actmt^ 
for a long time and may be used over again for fresh starch solution 
Thei oiust be discarded when the color bogms to fade out 

For use durmg the titration the starch solution is placed in flasks 
which are slipped through a nng the neck pointmg down The flask 
IS closed with a 2 hole rubber stopper equipped with 2 glass tubes. 
One tube reaches to the bottom of tho flak, the second tube is short 
and IS connected to a capillary with nibbcr tubing carrjing a clomp 
Thus the starch is protected from dust and it is easier to bandlo than 
a dropping bottle (fig 03) 

N/lO Iodine Sduhon 

In a I htor flask nppro:iimatcl> 25 Gra of KI (lodato-free) is dis- 
•ol'td in some water and 127 Gra of lodmo (weighed on a watch 
Slass on a beam balance) is added It is well shaken until the salt 
has dissolved and mode up to the mark with water In order to do- 
tenruno the titer 25 ml of this solution is plpeted mto a flask, acidified 
’lith a small amount of dOuto HCl or II>S 04 and titrated with N/10 
•odium thiosulfato solution For the calculation of the factor see 
thiosulfate titration 

Tins solution is not stable Using an acidified Is/10 iwtossium 
'odafe solution it is possible to prepare tho "N/IO potassnnn iodine 
•olution bj adding q fon crystals of KI dircctlj before use (cc also 
®>dcr micro-Qcetonc, p 275) 

N/1 Hydrochloric Actrf 

In a 1 htcr \ olumctno flask nppro'amatcl\ 100 ml of fummg HCl 
(•pccific gra\ity 1 10) 13 made up to the mark with water To deter 
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mine tho factor a few crystals of KIOj and K1 are added to 6 ml of 
the acid and the liberated lodme is titrated with N/10 neutral thio- 
sulfate till yellow, then after the addition of starch the titration is 
contmued until colorless 


Example 

6 ml of HCl use up 62 ml of N/IO thiosulfate solution Therefore, 

the acid is stronger than N/1 The equation ^ " 

o2 lUw 

60 X 1000 


62 


901^ shows, that 961^ ml of acid must bo diluted to 

1000 ml with water m order to obtam an exactly N/1 HCl (see under 
N/IO Sodium Tktond/ale SoltUum for measunng of 961^ ml ) 


Preparaiton of N/1 Sulfunc Aetd 
Into a 1 liter valumetno flaaK. conUumng distilled water 28 ml of 
concentrated (specific grovit> 1 84) is poured, and after cooling 
made up to tho mark with water For the detennmaticin of the factor 
see under N/J Bt/drochlonc Aad) If 2/3 N HjSOi is demrod, 200 
ml of N/1 HiSO* IS diluted to 300 ml m s volumetnc flask 

Preparalxon of N/1 Sodium Hydroxide 
In a porcelain dish approximately 42 Gm of NaOH (purest grade) 
IS dissolved m distilled water and after coolmg is transferred to a 
1 liter volumetnc flask, where tho volume is made up to the mark with 
water After tlio oddition of a few drops of methyl red os mdicator, 
20 ml of alkali are titrated with N/1 HCl or H1SO4 unbl the color 
changes to red 

Example 

20 ml of flilcfili require 20 8 ml of aad for neutrahiation. T^ 
alknli is stronger ^hnn the acid and must be diluted according to 
formula 


X 1000 ^ 

20 ^ * 1000 ’ 20 ^ 

Tberoforo Oei^ml of alkali must be made up to 1000 ml with water 
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Preparaftm of Methyl Red Indicator 
In 100 mL of hot water 0 02 Gm of p-dimethxlamino-axo'bcnxeno- 
o-carbomo acid (CHi)i — — CiHi— N -* N — C*H< — CXX)H b dia- 
eolv'ed and after cooling filtered into a dropping bottle, 2-3 drops of 
this solution arc used for titration 
The foDowmg indicator mixture may bo used instead of moth j I rod 
80 ml of eaturated alcohohc methyl red solution are miicd with 20 
mL of 1 per cent alcoholic methyleno-blue solution The color change 
18 well defined, from green (alkaline) to puiplo (acid) 

Preparahon of N/1 Polaseiim Hydroxide 
In a porcclam diah appronmatoly 00 Gm of KOII is dissolved m 
wmo water After cooling this solution Is transferred to a 1 hter 
volumetric flask and made up to the mark mtli distilled water Tho 
factor of the solution U detenumed as described for sodium h)*dnmdo 
(pago373) 

Preparatwn of N/I Sodium Carlanate Solution 
On an analytical balance exactly 63 0 Gm of anh>-drou9 NatCOi 
(purest grade) arc weighed and made up with distilled water to I liter 
JO a vdumetno flask This solution requires no titer 

Preparation of Afolar Phosphoric Aad 
One molecule of HjPO< reacts with one molecule of NaOII to form 
on© moloculo of primary sodium phosphate Using mctbil-oningo 
(satoratod aqueous solution) or bromcrcsol green (0 1 per cent m 
20 per cent alcohol) os indicator Uic first drop in excess of ISaOII 
fnu*c8 a color change to jtJIow or to blue-green respcctu'cly, bj 
forming secondary phosplmte 

-f NaOir = NbIIiPO* + 11,0 

In a volumetno flask appnromatcb GO Cm ofs\rup\ phosphonr 
(spceiSo grant} 1 70) is diluted with distilled water to 1 liter 
Twenty milhhtcra of this solution is mcasun?d out into a small 
I^nmoycr flask and after tho addition of several drops of aqueous 
niethykorango solution it is titrated with A/1 AaOII until a }-cIIow 
appeort, Tho addition of 5-0 Gm of puro AaCl will help to 
a sharp end point 
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Exampie 

Si «=• 16 mm Cl « 4 mg per cent 
Si = 18 mm |‘ (from table 24) = 0^ 

Cl ^ 0333 X 4 -• 3-332 mg per cent 





Fio 68 PrincJpI® of tbe Paboeqoe cdorimetar 

(2) Hdltge coianmeUr (fg ffff) This colorimeter proiodee 
cup for the unknown solution. Tho depth of the lajor is vsned 
moving a wedge filled with the standard solution until equal co 
mtenaity is achieved The colors ore observed through a amflll 
Tho position of the vredge is read off on a scale, which is subdivi 
100 divisionB The lero pomt of the acale corresponds to the 
eet part of the wedge and tho setting at the 100 point is precti^ 
oolorleas. The wedge, which la filled with standard solutira m 
cahbrated Iho beat light source is diffuse daylight- Tahles pi 
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vidod by the Firm Helligp and funushod together mth each wodge are 
used for the calculationa, or the tables have to bo compiled m the 
laboratory The latter is done bj fiUiBg the cup with aolutions of 
vanoufl, known conccntrationfl, comparing thorn with the wedge and 
noting the colonmotor scale readings The concontraticwis are 
marked on the ordinate and tho readings on the absoosae of a graph 
system and tho standard curve for this particular wedge is obtained 
by connecting all the points From this curve any concentration 
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corresponding to the color intensity can be read off for each scale 
division 

If the volume of the solution to be tested is too small, the cup can 
bo made smaller as described for hilmjbm, chapter X (fig 53) 

When working with color reactions which obey Beer^s law^» ^ st^d 
ard solution may be used in tho same way as desenbod for the Du 
boaque coJonmoter 

a - 


CalcidatioH 


(100 - y) X Cl 
100 
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and compared with the material to be analyxed The concentration 
of the unknown sample can be read off directly from the standard tube 
which compares moat nearly in color with the unknown If the ceJora 
do not match oxactlj, the concentration can be deteniuned by inter 
polation 

The comparator consists of a nooden block constructed as follows 
In the front of the block are 3 c>lmdncal holes which reach to the bock 
portion of the block This bock wall is made of opaque glass. On the 
top of the block ore 0 oyhndncal holes, arranged m pairs, each hon 
lontal cylinder mterscctmg with 2 vertical cyhnders It is most im 
portnnt that the thickness of the walls and the diameter of all test 
tubes used be identical Thb colonmoter permits corapanson of 
colored samples, whore the prepared colored standard does not take 
part m the reaction When each of the color components (constant 
standard solution and colored unknown sample) is placed m separate 
tubes m paired holes of the block, the resultant color mixture can be 
compared with a single solution contaming both components. Thu 
colorimeter is mainlj used for the detenmnatian of hydrogen ion 
concontmtions. 

Detlruination or Htdroosn Ion Concentration (AccoRDiNa 
TO Michablis) 

Aqueous solutions of acids alkalis, and salts cemtam these raatenaJs 
partl> as molecules, partlj m diasooiated form. The dissociated 
(iCNUxed) components ore cither positively (cations) or negati>’el\ 
(anions) charged Compounds which are dissociated m aquooiu boIu 
tions are called electrolytes The acidity of a solution u measured 
by the amount of dissociated li^'drogen ions present in 1 liter and ex 
pressed m grams One htcr of water contains 10“’ Gm (0 0000001 
Gm ) of dissociated H ions Solutions which contam an equal 
amount of dissociated H ions per liter are called neutral solutions 
containing less than 10“’ Gm of H ions per liter are alkaline, solu 
tions containing more than 10”’ Gm of H ions per hter are acid I 
a solution is N/10000 with regard to its hydrogen ions preeent, the 
concentration is expressed as foUows 

Cft (symbol for H ton concentr) *=■ 
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Indicators used 

tr-dmitrophenol for pH betTVeen 2 £~ 4 £ 

7 -<Iinitrophenol for pH between 4 0-5 4 
p'njtropbenol for pH between 6^-7 0 

m rutrophcnol for pH between 0 0-8 4 

A stock solution of each indicator is prepared and used according to 
the Oddity of the solution to bo tested 

Reagents 

(1) 0 05 per cent aqueous solution of a-dmitrophcnol (1 ,2,4) 

(2) 0 026 per cent aqueous solution of 7 -dinitrophenol 

(3) 0 1 per cent aqueous solution of p-nitrophenol 

(4) 0^ per cent aqueous solution of m mtropbenol 

(5) N/10 sodiurn carbonate solution 
(0) 0^ per cent NaCI solution 

According to the modification of Hcino HaemaelBLinen, E E 
Leikola and Y Ainla* one senes of d>o solutions can b© prepared to 
compare colors produced by various indicators, which give identical 
colors, but m difforeot pH ranges. This senes of dye solutions is 
prepared from N/10 sodium carbonate and a dilute <Hlinitrophenol 
solution according to the plan shown below 

In a 100 ml volumotnc flask 10 mJ of aqueous dinitrophenol solo 
tion are placod and made up to tho mark with N/10 sodium caxbcnatc 
solution 

DUutum senes 
a-dloitropheit, 

d]lat« wlnl OSlO7812O171ItO3<0 46O67O6TO 


tt-dlnllropben ooo 
oentr tol inJ 


0 n 0 S5 


N/10»od c»xb feol 

ml 640fl225SO62a4aO8GO24OlSOOSO8©6m 

tubo no I n m IV V VI vn vm rx x xi 

When equal color intenflity Is obtained m tho standard and sample 
tube, tho pH value hated below is reached according to the indicator 
used for the determination (table 25) 
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To 10 ml of sample is added 0 1 ml of indicator mixture The 
colors observed correspond to the fojlo^ng pH 


cuff tf lU 

PB 

pick 

2 0 

orange red 

8 0 

orange 

4 0 

yellow-orange 

A 0 

lemon yellow 

fi 0 

greeniih yellow 

7 0 

ereon 

8 0 

greenish blae 

9 0 

purple 

10 0 

reddish porple 

11 0 


When a mmoml acid is added 81otv)> to a solution of the salt of s 
strong acid and a strong base, o g , sodium sulfate, the pH cha n ges 
mpidlj, according to the actual acidity of the solution If, hovrever, 
the same acid is added to an equal concentration of a solution of the 
salt of a weak acid and a strong base, eg , sodnmj acetate, the pH 
nsca gradually, according to the pH of the wcoX acid, hberated by 
the lection of the strong acid with the salt 

CH^COONa + HCl “ NaCl + CHjCOOH 
strongly weaJJy 

dissociated 

The effect of salts of weak acids upon the influence of etroog adds, 
and vice \’eraa, the effect of salts of WBok baaes ^dth strong acida upon 
the influence of strong ftlknJi ig called buffer effect 

Buffer mixtures os described by Soerensen are used for the prepara 
tion of solutions of known pH 

Standard soIuHotis aceordtnff to 
Solutxoni uwd (see tobies foUoimg) 

(1) N/10 HCl 

(2) N/10 NaOH 

(3) N/10 Gljcme + N/10 NaCl (7J Gm ot glymno and 55S Gm 
of NaCl dissolved m 1 hter of water 

(4) 1/16 molar pnmarj potassium phosphate 9 078 Gni o 

m 1 liter of water , 

(5) 1/16 molar secondary sodium phosphate 11^70 Om 
NatHPO* X 2 HtO are dissolved in 1 hter of water 
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Table 20 Add C3jrdD« Mlrturw 



Ph 

10 00 ml 

dvdn® 


6 10. 

0 OO 

+ 

0 10 ecm HCl 

4 41 

0 7fi 

+ 

0 25 

3 00i 

0 50 

+ 

0 60 

3 07* 

0 00 

+ 

1 00 

3 

8 00 ' 

+ 

3 00 

3 92t 

7 00 ‘ 

+ 

8 00 

3 OOr 

e 00 

+ 

4 00 

3 27. 

5 00 

+ 

5 00 

1 1 03. 

4 00 

+ 

6 00 

1 1 04i 

3 00 

+ 

7 00 

1 41* 

3 00 

+ 

8 00 

' 1 25i 

1 00 

+ 

0 00 

1 14 


+ 10 00 1 

1 1 03* 


Table 27 AJIcbIum Otynoe Mirion* 


>8 


10 00 ml 

idjdno 


6 )0« 

9 OD 

- 

0 10 crm NnOlI I 

7 SO 

0 75 

' — 

0 25 

S 

0 60 

• — 

0 60 1 

8 ST 

0 00 


1 00 

H 02, 

8 00 

- 

2 00 

0 30< 

7 00 

— 

3 00 

II 71, 

6 00 

— 

1 00 

10 II 

6 60 

— 

4 60 1 

10 48. 

6 10 

— 

i 00 

11 OOi 

6 00 

— 

6 00 

11 TO 

4 00 

— 

5 10 

11 60 

1 60 


6 60 

13 m* 

1 00 

— 

0 OO 

I-* T>. 

3 00 

w 

7 00 

12 07. 

2 00 

_ 

h 00 

12 86. 

1 00 

< — 

9 OO 

12 07, 


- 

10 00 

13 00, 




T iBtE 23 Borate Mixturet 



Ph 

10 00 ml 

borate 

0 24, 

0 fiO 

' + 0 50 com SCI 1 

9 16, 

0 00 

' + 1 00 

0 OSt 

8 80 

+ 1 60 

' 0 OOt 

8 00 

' +2 00 

8 SO. 

7 60 

+ 2 SO “ 

8 TO, 

7 00 

+ 3 00 ' 

8 67, 

6 60 ‘ 

' + 8 60 1 

8 60* 

6 00 ' 

+ 4 00 j 

8 28, 

6 75 “ 

‘ + 4 26 “ i 

8 I3r 

5 50 ' 

‘ + 4 60 ' ‘ 1 

7 63, 

5 25 

+ 4 75 1 

7 26t 

5 00 

+ 6 00 I 

6 51, 

4 76 

+ 6 25 1 

2 57, 



hi 


10 00 ml 

bo rate 

0 24, 


9 00 

+ 1 com NaOII i 

0 36, 


8 00 

+ 2 

0 60, 


7 00 

' +8 ‘ 1 

0 67, 


6 00 

‘ + 4 ' 

9 97, 


5 00 

+ 5 1 

11 07, 


4 OO 

+ 6 1 

1 12 37, 


Tabli Phoaphato Mixture* 


Ph 


iO 00 [Ol 

•ec Phoaph 



0 18, 

0 90 


0 

10 ml pnm- Pbofph 

0 0/ , 

0 76 


0 

25 

8 35, 

9 50 


0 

50 

8 Oh 

0 00 


1 

00 

7 73, 

8 00 


3 

00 ' ' 

7 38, 

7 00 


8 

00 

7 16, 

6 00 


4 

00 

6 07, 

5 00 


5 

00 

6 8h 

4 OO 


6 

00 

0 W 

3 00 


7 00 

e 46, 

3 00 

_ 

8 00 

6 33 

1 00 

_ 

0 

00 

5 90, 

0 60 

_ 

9 

60 

6 6S 

0 25 

_ 

0 

76 ‘ 

5 38, 

0 10 


9 

90 ‘ 

4 Oft 
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TiBLS SO Add Citrate Mlxtores 



Ph 

10 00 ml 

citrate 


4 95t 

0 60 

— 

0 60 ml HCI 

4 83i 

9 00 

— 

1 00 

4 S3. 

8 00 

— 

2 00 

4 Ui 

7 00 

— 

3 00 

4 44r 

0 00 

— 

4 OO 

j 4 16, 

5 £0 

— 

4 60 

1 3 04, 

6 00 

— 

6 00 

3 09, 

4 76 

— 

5 25 

3 62. 

4 60 

- 

5 60 

3 36. 

4 00 

— 

6 00 

2 07, 

3 SS 

- 

e «7 

2 27. 

1 OO 

— 

7 00 

1 9^1 

2 00 


8 00 

1 41, 

I 00 

— 

0 00 

1 17. 


- 

10 00 I 

1 08, 


TabuiSI Alkaline Citnto Mlxtorea 



Ph 

10 00 ml citrate 

4 95. 

0 60 - 0 60 ml NaOII 

6 02, 

9 00 - I 00 I 

8 10. 

8 00 - 2 00 1 

6 31, 

7 00 - 3 00 

5 64, 

6 00 - 4 00 

5 96. 

6 60 - 4 60 

e 33) 

6 26 - 4 76 1 

1 6 67, 

6 00 - 6 00 1 

1 9 05, (op to) 


10 09, 

4 60 - 6 60 ' 

1 12 07, 

4 00 - 8 00 

12 36 


(0) 0 1 molar solutaon of secondaiy soditun citrate 21X11 Qm of 
atrto acid ib dissolved in 200 ml of N/1 NnOH and made up to 1 liter 
with water 

(7) 0^ molar bone acid 12 40 Gm of bone acid is dissolved m 100 
nJ of N/1 NaOH and merln up to 1 liter with water 
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The distilled -water used for these solutionfl must be freed from COi 
by boding, and the solutions should bo kept m bottles, equipped with 
sodahme tubes 

Apparatus por thr Preparation ot Kediotilled Waters * 
The apparatus consists of 2 distilling vessels (A) and (B), fittmg 
mto each other A is heated by gas or electricity, B by steam created 
by A The outer flask A is connected with a constant level arrange- 
ment N (fig 71), which allowH a continuous water supply, thus roplac- 
mg the water evaporatmg m A- When the outer is boated the 
steam gets into the inner distilling vessel B through tube R and from 
there via 1 and 2 into the condenser K By condensaticm m the 
condeneer, part of the water runs down as singly distilled water 
Another part, after condensation m tube 1, runs back into vessel B 
and IB condensed there, whereby the lower part of B up to the height 
of the drainage tube XJ is constantly filled with water Contmuoua 
heating by steam entering through R and also by the steam m the 
flftflk A effects a second distiflataon Tube U serves as valve by 
draining off the condensing water which is not redistilled Thus, 
constant prcfiBuro and even boihng is maintained The mner I'easol 
B IS connected with A by a ground glass joint and hold m place with 
wire springs, A Fredenck condenser (Ki K*) is sealed on to the 
jomt The apparatus is easy to handle and may be attached to an 
iron ring stand with heavy clamps 
When the apparatus is adjusted correctly, 1500 mb of water may 
be distilled during 1 hour No supervision is necessary, once the 
stopcock IS opened and the water flow regulated The specific con 
duction of the water, thus obtained is x 3,5 X 
If thin apparatus is not available, water may be distiDed m the fol 
lowing manner (fig 72) 

Essentially the siphon principle is combmed with that of the 
Manotte bottlo The bottom of the tube B, m the Manotte bottle 
A, 18 adjusted so as to he in the same honxontal piano as the surface 
of the water m the flAsk , C, when the flask has been filled to a leve 
convenient for distillation In practice the fluid usually rises some- 
what higher in the C thnn the level calculated because the air m 
the Manotte bottle A becomes progressivelj hotter as the distillation 
proceeds duo to the smsdl amount of steam which bubbles 
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through tlie tube D Accordingly, the Mariotto bottle 1b usim] 
adjusted so that the end of the tube B is in the minw honsootal pla 
u the supfaco of the liquid in the flask C, when the ArA; is about tw 
thirds full The end erf the siphon tube, D, is bent ahghtlj upwa 
and outward so that the onflee la near the wall of the flaiik. T1 



Fiq 71 Apporstoi for waUr-dMlUttioD vith aobonutle refaUiloD of tl 
Uqtdd lere] 

tendB to mmumte the amount of Bteam which always bubbles bao 
Dp through tho tube, D into the Manotte bottle Although th: 
•team beats the water in the Manotte bottles as the distiJlatlo 
progresses, in our experience this has neither interfered with th 
Smooth operation of the uni t nor cracked the nonpyrei Manott 
bottle- 'The lower openin g of the tube D must of course be beloi 
the lower end of the tub© B or the water will fail to nphon into flasl 
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C as the distillatjon boila off the fluid in flask, C H is merely a plog 
of glass TTOol to prevent the entmmmcnt of impure water droplets m 
the steam which passes over mto the condensor, E The area of the 
condenser surface, if too anmll will, of course, limit the rate of distil 
lotion smeo some of the irteom, when too small a condenser is em 
ployed, will pass over into the receiver uncondensed In actual 
operation the distillation is started with water m flask C, at the usual 



level, about two-thirds full As the water in C boils down to a cntical 

level about one mch above the bottom of the flask water begins to 
siphon over mto the still, C, from the Monotte bottle, A. This cool 
water stops the boiling until C is ogam about two-thirds full, at 
which point siphoning ceaaes With each succeeding fi Jlm g the water 
will rise to a slightly higher level m flask C, because the air m the 
Manotte bottle, os already noted grows hotter as the distillation 
contmuea All connections must be airtight and this precaution 
applies especially to the stopper m the top of tho Manotte bot^ 
Wth the precautions mentioned the distfllation can be started early 
m the day and will smoothly proceed unaltcndod os long as there is 
water m the Manotte bottle 

(I) Conversion of mg. per 100 ml into nuflimols per hter (mM.) 
and Vice versa 
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. K y, 1 0 X mg. per 100 mL 
^ molecular weight 

Example 630 mg. por 100 mL NaCl 


(b) mg. per 100 mL 


- - 1077 mM NaCl 
mM X molecular 'weight 


Example, 107 7 mM. Nad 
1077 X 68^ , 

10 “ 


— 030 mg. per 100 mL NaCl 


(n) Con'TOrmon of mg. per 100 mL mto milh-oquiviUents per bter 
(nL Eq) and vice versa 

^ X _ 10 X mg. per 100 ml X valency 

molecular ™ght 

Example, 3JS mg, per 100 ml Mg 


' Z88 m. Eq Mg 


ifwi 1 m.Eq X molecular weight 

(d; mg per 100 mL - — ■ .a t ? ; ^ 

^ 10 X valency 

Example, 2A8 m. Eq Mg 

258 X 2452 , ,, 

^ ^ " 35 mg per 100 ml Mg 

(m) Convermon of mfllnnols per liter (mM.) mto milh-ociuivalents 
per liter (m. Eq ) and vice versa 

(e) mM. - 

valency 

(f) m — Eq ■■ mM. X valenoj 

(IV) Conversion of mL of gas (at STJ*) per 100 ml mto m i ll i r nols 
per hter and vice versa. 

mL per 100 ml 


(g) mM. 
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BxampU 653 mL per IQO mL CX)i 

^ 2916i»M.CO, 

(h) ml per 100 ml. « 234 X mM. 

Example 29 1 mM. COj 

234X291-.663mLperl00mLCX)i 

TAfita 83 


Cooverfloct of Coltloj dofreoi into Fahxvnlioit de g re es »i)d tIm rvn^ 
Formula {Colema degroei 1 0/5) + 32 ■ Pahrenbolt degroe* (Fahrenheit de- 
gree! *-33) X 5/0 * CeUiue degrees. 


c 

F 


>■ 

r 

C 

r 

C 

300 

672 0 

25 

770 

212 

100 

101 

88 S 

200 

SS2 0 

24 

75 2 

2)0 

98 9 

100 

87 8 

150 

803 0 

23 

78 4 

200 

93 8 

99 

572 

140 

284 0 

a 

71 0 

190 

87 7 

98 

96 7 

130 

2M 0 

21 

69 8 

180 

82 2 

97 

30 1 

120 

248 0 

20 

680 

170 

76 0 

96 

85 0 

no 

230 0 

19 

60 2 

160 

71 1 

95 

35 0 

100 

212 0 

16 

04 4 

160 

65 5 

90 

S3 2 

90 

194 0 

17 

63 0 

140 

CO 0 

80 

20 7 

80 

170 0 

10 

60 8 

ISO 

54 4 

70 

21 1 

TO 

15S 0 

15 

59 0 

120 

48 9 

m 

15 6 

00 

140 0 

10 

60 0 

no 

48 8 

SO 

10 0 

50 

122 0 

0 

S2 0 

109 

42 7 

40 

4 4 

« 

104 0 



108 

42 3 

S3 

0 

3S 

102 2 



107 

41 7 



38 

100 4 



106 

41 1 



87 

98 0 



105 

40 6 



30 

96 8 



104 

40 0 



3« 

95 0 



103 

39 4 



w 

S50 



102 

88 6 



20 

84 2 







2S 

S3 4 







27 

80 0 







20 

78 8 










PnOTOELECTBlC COLORIMETEY 

Principle* The photoelectric colonnaetor is based oa the property of 
ligh t to create an electno potential m a photoelectno cell The our 
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rent output of the cell depends on the intensity of light reaching it. 
Colored and turbid solutions intcrpoMxi between the source of light 
and the cell absorb n part oftho light proportional to the coacentra 
tion of the colored substance or to the degree of turbWitj The photo- 
electric cell responds with either a change m current passing through 
it or genomting current proportional to the intensity of light falling 
on it This current is measured by means of on clcctncal circuit 
including a resistance and a galvanometer The scale of the gal 
vonometor is di\nded Into arbitrary units 

The photoolectno colonmotcr may bo used for any colonraetrio 
procedure which has been dovisod for the visual colonmeter Tur 
bidimctno measurements may bo made m the colorimeter just as 
readily os colonmetno ones the baas of calibration is then a solution 
of standard turbidity The chief advantages of a photoclcctno 
colorimeter are 

(a) elimination of personal error 

(b) greater ^>eed m malang readings 

(0) greater accuracy 

(d) elunination of the influence of colored rcogcnls (blank maj bo 
substituted for water) 

There are two general types of photoelectric colonmetcrs 

(1) The smg^ cell tj-po (Evelyn Coleman) Tvbcro a bamcr layer 
1)1X5 of cell IS used, the light source bemg of low mtcnsit) and \ oltago 
(storage battery or transformer with a voltage stabiliicr) 

(2) Tho twm-cdl type (KJelt-Summcreon) equipped with tn-o 
matched photocells connected in opposition to a galianomctcr and 
mounted one on cither sido of a central light source An) %Timtlon3 
m niununation duo to fluctuation of current affect tho two cells 
equall) , so that the fluctuations arc eliminated niis t)^^) of colo- 
rimeter ma) bo attached to any conwroent source of alternating or 
direct current In both types calibrated test tubes arc used for the 
colored standard solutions. 

Oeneral iTxfarmaUon About (he Colonmcier* 

1 hiyfit ^ ftrrs For the best results in the photodcctnc colorimeter 
it IS important that the proper liglitnUcr be used Ordinarfl) tliofiller 
selected is one whose spectral tmnnmssion is complementary to that 

The Iiifonnatlon ^rwi Jd this chapter U mainly biicd oq erpcricnce with 
tisWctt^SomiDerton typo of eolorfmeter 
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actd and their turbiditiea determined m the colorimeter usmg a blue 
filter Simultaneouilj the protem nitrogen of each sample is deter 
mined b} the raicro-Kjeldohl method (seo p 218) The mean of the 
turbiditj readings is eot agnmat the mean of the protem content as 
calculated from the Kjeldohl analysia and compared to colorimetric 
readmg of the cobolt standard solotion The correlation factor (x) 
M calculated os follows 

correlation factor (x) 

mean protein content of CSF (A) X cobalt standard reading (C) 
mean reading of CSF (B) 

The correlation factor give* the number mdicating the concentration 
of protem m CSF (mg per cent) corresponding to the standard cobalt 
solution readmg 


Example 


mttiti cni pnicu »ce. I 
KkIi^ BTtJMd (A) 

celortecCrK nvdiM of proto 
tort»*^TS) 

rttemUK mduH of rvbaJt 

1 n«*d (Cl 

18 

6 mg 

per cent 

42 

143 

23 

6 


53 

1 113 

U 

8 


81 

143 

45 

7 


loe 

143 

ffl 

3 


147 

143 

83 

6 


100 

111 

263 

7 mg 

per cent 

em 

in 


This calculation indicates that light absorption of tlit rijl>ali land ird 
wresponds to 02 08 mg per cent (or procticallj 02 0 mg [kt cent i 
protein If due to instability of tbo colonmcter the nJialf dl)M)r]H 
Iwn I'aluc would bo some daj 147 inroad of 1 13 the formn 
^ould correspond to a concentration of 02 mg per rent pnitcin and 
»li further calculations shotild lx; baaed on this ratio 


Erocftiure 

fhic milliliter of clear, colorless unknomi CSt !■' placed in a colo- 
firoctcr tube and 0 0 ml of 3 per cent sulfo-alic%lic acid arc added 
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The contents of the tube are gently mixed Heading in the colonm 
eter is made after 10-30 minutes against the blank, containing 1 ml 
of water or normal saline and 0 ml of 3 per cent sulfoealicyhc acid 
Before reading, the contents of the tube are again gcntJ> mixed 
If the sample shows a strong Pondy^a reaction, the amount of fluid 
used for tlio determination ^ould bo reduced to 0^ ml or 0J2o ml , 
adding normal ealine to make up to 1 ml , and the calculation adjusted 
accordmglj If leas than 1 ml of fluid is available, the determmatioa 
can be performed with 0^ ml In this case the amount of sulfosali- 
c> he acid 18 reduced proportionally to ml and the reading is made 
m a micro-tubo 


Calculahon 

Protein content of unknown 

reading of unknown X correlation factor 
mrtdmjr nf fV)hn)t aLnndard 

ExampU 

If cobalt standard solution reading is today — 147 

and It corresponds to a concentrotion of — 02 mg per cent protein 

(correlation factor) 

and the reading of the unknown la — 88 

then the concentration of the unknown is 


88 X 02 
147 


37 mg per cent 


R«mar)u 

This method is not suitable for the estimation of total protems m 
serum, as under certom pathologic conditions protein compounds of 
varying molecular weight appear and couse varying turbidities when 
the fluid IB treated with sulfoeahcjlic acid 

Determinatiov op Serou Ieov* (p 129) 

Pnnapli 

Phcnantroline reacts with ferrous iron m serum, producing a red 
color, the intensity of which is dotennined in the colorimeter 

* Elett Bommersem CUoieal Manual 
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Rengcnls 

(1) 0^ Js IICl 30 ml of concentrated IICl arc diluted to 1 liter 
with distilled water 

(2) 20 per cent trichloracetic acid The purest pradcs of tn 
chloracctic acid contnm traces of iron and should be punficil b\ 
\acuum distilbtion 

(3) 60 per cent ammonium acetate 

(4) 1 per cent hj*droqulnono 1 Gm of pure hjxlroqumone is dis- 
sohed m 100 ml of water, acidified with one drop of concentrated 
H-SOi Tina solution maj be prcser\Td for weeks In a dark bottio 
and on ice but It must bo discorded when a brown color appears 

(5) 0 1 per cent p-pbcaontrolmo monohjdrato solution m water 
'Hiia reagent should bo discnnlcd when nnv color oppears 

(0) iron standard solution 

(a) stock solution 14010 Gm of forro-amrooniunmil/nto nnd a 
fea ml of IICl (1) are dissolved m 1 liter of n-alcr nnd acidified mtli 

1 ml of IIjSO, 

(Ij) ^Nurking solution 2 ml of slock solution (On) plus a fen drops 
of IICl art ddutod to 100 ml with n-ntcr This solution contains 

2 7 of iron per ml and is \trv stable 

ProctdifTt 

One ml of 0^ Js IICl (I) is added to 2 ml of scrum \ftcr I hour 
1 ml of 20 per cent tncbloracctic acid solution (2) Is addcil left 
standing for about 10 minutes, centnfuged and filtered through an 
iron free filter O'lmlraan 42) Two milliliters of this filtrate aro 
transferred to a colorimeter (ulw oral the following solutions arc 
added 0 1 ml of 60 per cent ammoruum acetate i-olutinn (1) 0 16 
ml of 1 per cent lijdroquinonc solution (1), nnd 0-> ml of 0 1 per 
cent p-phcaantroline monoh^nlratc solution (o) \Mien the pink 
color lias full> dc\ doped (after about 20 minutes) the reading is 
made in the colonmetcr against the blank tube set at 0 Tire color 
IS stable 

Standard 

Two ml of standard iron solution (ft) are mi'crtl n ith 1 ml of 0-3 N 
HCl (1) and 1 ml of 20 per cent Inchloraeelic arid Two ml of the 
mixture are placed into a colonmetcr IuIm? ammonium aerlate, 
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hj’droqumone, and p-phenantrolme aro added exactly aa descriln 
above The reading is performed ogamst the blanl, tube eet at 
foUoTTing the tune conditions specified for the lUiknawn 

Blank 

Two ml of distillod water are used instead of eenim or standai 
and treated exactlj aa above 

Calculation 
agamst the standard 

; — i X readme of unknown 

reading of standard 

— nuCTOgrama per cent iron in the eenir 

The standard la the equj>'aJent of a serum containing 200 y per cei 
iron The proportiondit> holds ^'e^y well for ah values up to 1000 * 
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’ Rappaport P J of Lab and Clio Mod vol iS no 14, 1797 IW3 

* Crarer B N and Wlillamaoo H L A ample antomatio dJatfllln^ nnJi 
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* Rappaport F and BeoHtoa M Am J Clin Path In preee 
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INDUS 


Thymol bromide, 210 
Total protein# (blood), 218 
(CSF) 231 
Tribatyrln S39 
Tropeoline solution 330 

Urease suspeoalon 153 157 
from Jaeic Bean meal 100 163 
UHo Aoid nrngent, 163 

Van SlykeapparatAia (manometer) 36 
(rol) 27 


Verstrol 336 
VltAmjQ 0 342 
K 347 350 

Widmark alcohol flielc 230 

Xanthoohrome reaction 325 
Xanthoprotejo reaction, 214 

Yeaat, growth 266 
aoepenaion 265 

23no euUate potassium Iodide re 
agent 250 




